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course as currently taught at the U. S. Naval Medical 
School, National Naval Medical Center. In addition it 
provides the graduate a working reference in technique, 
positioning and radiological protection. 
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CHAPTER I 


MATHEMATICS 

As we all know, mathematics plays an important part of our everyday life. We 
use it to determine the amount of change due us when we pay for an article at the store, 
we use it to determine how many miles per gallon our new car is getting, and we also 
use it in keeping our monthly budgets. Of course there are many other Instances where 
we use mathematics but these are only a few. 

In the field of x-ray technique, as in any other technical field, mathematics is 
used extensively. When learning the different electrical circuits of an x-ray machine, 
there will be many times when you will be required to use mathematics to determine 
the voltage, amperage, or amount of resistance at a certain point in the circuit. With¬ 
out a knowledge of basic mathematics you will not be able to determine the correct 
factors (time, kilovoltage, and milliamperage) required to produce a satisfactory radio¬ 
graph. 

Many of the men who will study this course have already had a thorough course in 
arithmetic, while others may not have been so fortunate. Other men, who have been 
away from school for several years, may find it necessary to make a quick review of 
the principles of arithmetic, even if they have known them thoroughly when they left 
school. 

There are four basic types of problem that all mathematics is built around. These 
are: (1) Addition; (2) Subtraction; (3) Multiplication (4) Division. Once you have a 
thorough understanding of these four basic type problems, mathematics will be a very 
easy task for you. 

ADDITION 

Definitions. Adding is the process of finding a number, which Is equal to the com¬ 
bined values of two or more given numbers. The result obtained by this combination is 
called the "sum." Hence it may be said that the sum of two or more numbers is a 
number containing as many units as all the numbers taken together. 

Since a number is a collection of units of the same kind, two or more numbers 
may be united into one sum only when they are like quantities or are composed of units 
of the same kind. Thus, the sum of 2 volts and 6 volts is 8 volts, but 5 volts and 6 
amperes cannot be united into one quantity of either volts or amperes. 

Sample Problem: Add 2672, 1068, 9214, and 309 

#1 2672 #2 309 

1068 2672 

9214 9214 

309 1068 

13,263 13,263 
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fin problem number 1 the numbers were added In the order as they were given in I 
the original problem, fid problem number 2 the numbers were rearranged and added i 
again. The answers of both the first problem and the second problem were the same, 
which indicates that the problem is correct. 

SUBTRACTION 


Definitions. Subtraction is the process of finding the difference between two num¬ 
bers. The greater of the two numbers whose difference is to be found is called the 
minuend ; the smaller is called the subtrahend . The number left after taking the sub¬ 
trahend from the minuend is called the difference or the remainder. 

Rules : Write the subtrahend under the minuend so that units of the same order 
will be in the same column. 

Begin with units of the lowest order to subtract, and proceed to the highest, writ 
ing each remainder under the line in the proper place. 

If any digit of the minuend is less than the corresponding digit of the subtrahend, 
add 10 to it and then subtract; but consider that the next digit of the minuend has beet 
diminished by one. 

Use the above rules in solving all problems in subtraction. Only like numbers an: 
units of the same order can be subtracted. The remainder is always like the minuend 
and subtrahend. This process is the reverse of addition. 

Perform the subtractions indicated in excercise below and check your answers, * 
you are not certain that you know how to do them, study the solution of the sample 
problems before attempting the others. 

Sample problem 1: 

465 

-247 

218 - Answer 

Solution : We cannot subtract 7 from 5, so we borrow 1 from 6, the precede 
number, and add 10 to the 5, making it 15. Now, 7 from 15 leaves 8. 

In the next column, we have borrowed 1 from the 6, leaving it 5. So 4 from 
5 leaves 1. 

In the left hand column, 2 from 4 leaves 2, so the entire answer is 218. 

Sample problem 2 : 

405 

-247 

158 - Answer 
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Solution : We cannot subtract 7 from 5, so we must borrow 1 from the pre¬ 
ceding number. But the preceding number Is 0, so we borrow 1 from the 4 and add 
10 to the 0, making it 10. Now we take 1 from this 10 and add 10 to the 5 in the right- 
hand column, making it 15. Now, 7 from 15 leaves 8. 

In the next column, we have borrowed 1 from the 10, leaving it 9. So 4 from 
9 leaves 5. 

hi the left-hand column, we have borrowed 1 from the 4, leaving it 3. So 2 
from 3 leaves 1, and the entire answer is 158. 


How to check subtraction problems : The upper number in subtraction is called 
the minuend. The lower number is called the subtrahend. A check on the accuracy of 
an answer in subtraction is to add the answer or remainder to the subtrahend. If the 
answer is correct, this will give you the same number as the minuend. 

Problem Proof 


1826 minuend 
- 769 s ubtrahend 
1067 remainder 


759 

+1067 

1826 checks with minuend. 


MULTIPLICATION 

Definitions: Multiplication is a process of taking one quantity as many times as 
there are units in another. It is also a short process of adding a certain quantity to 
itself a certain number of times. 

A problem in multiplication has three parts, namely, the multiplicand, the multi¬ 
plier, and the product. 

The multiplicand is the quantity to be multiplied of taken. The multiplier is the 
quantity that denotes the number of times the multiplicand is to be taken. 

The product is the result or answer obtained by multiplication. 
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48 
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27 
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45 
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11 
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To use this table, find one of the two numbers to be multiplied in the upper row 
and the other in the left-hand column. The product of the two will be found at the Inter¬ 
section of two imaginary lines. For example, under the 9 and opposite the 8 is found 
the product 72. That is, 9x8: 72. 

Rules : When multiplying, write the multiplier under the multiplicand, so that 
units are under units, tens under tens, etc. 

Begin at the right, and multiply the multiplicand fay the figures of the multiplier, 
taken in succession, placing the right-hand figure of each partial product directly 
under the figure used as a multiplier. 

The sian of the partial products will be the required product. 

Sample problem : Multiply 345 fay 7. 

345 

7 

2415 

Solution: hi multiplication the numbers are arranged as In addition, units 
under units, tens under tens, etc. 

Beginning at the right, 7 x 5 = 35 . We bring down the 5 of the 35 and carry 
the 3 to the next column. 

In the next place to the left, 7x4: 28, and adding the 3, to be carried, we 
have 31. We bring down the 1 of the 31 and carry the 3 to the next column. 

In the left hand place, 7 x 3 = 21, and adding the 3 to be carried we have 24, 
Bring this down with the 4 under the 3 in the number multiplied and the entire answer 
is 2,415. 

Short Methods of Multiplication : To multiply by 10, 100, 1,000, etc., annex to 
a whole number as many zeros as there are zeros in the multiplier. 

In a decimal, move the decimal point to the right as many places as there are 
zeros in the multiplier. 

To multiply by 9, multiply by 10 and subtract the multiplicand. 

To multiply by 11 , multiply by 10 and add multiplicand. 

To multiply by 20, 200, 2,000, etc., multiply by 2 and add as many zeros to the 
right of the multiplicand as there are zeros in the multiplier. 

To multiply by 19 , multiply by 20 and subtract the multiplicand. 

To multiply by 21 , multiply by 20 and add multiplicand. 

To multiply by 25, multiply by 100 and divide by 4 (100/4 _ 25 ). 

To multiply by 99, multiply by 100 and subtract the multiplicand. 

To multiply by 125, multiply by 1,000 and divide by 8 C^OOO/q _ 125). 

To multiply by 12 1/2, multiply by 100 and divide by 8 ^®®/8 : 12 1/2). 

To multiply by 33 1/3, multiply by 100 and divide by 3 (IOO /3 _ 33 1 / 3 ), 
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Thus, 10 x 72 

20 x72 
25 x 72 
11 x72 

9 x 72 
19 x 72 
99 x 72 

21 x72 
125 x 72 

12 1/2 x 72 
33 1/3 x 72 


720; 10 x % 72 « 7.2; 001 x 72 s . 72. 
1440. 

7200 4 - 1800 

720 f 72 = 792 
720 - 72 = 648 
1440 - 72 = 1368 
7200 - 72 * 7128 
1440 ♦ 72 = 1512 
72000 * 8 = 9000 
7200 + 8 * 900 
7200 + 3 * 2400 


DIVISION 

Definitions: Division is a process of finding how many times one number contains 
another, hi division there are three principal terms, the dividend, the divisor, and 
the quotient or answer. 


The dividend is the number to be divided. 

The divisor is the number which is divided into the dividend. 

The quotient is the number of times the divisor is contained in the dividend. 

When the dividend does not contain the divisor an exact number of times, the ex¬ 
cess is called the remainder. The remainder, being a part of the dividend, will always 
be the same kind as the dividend and must necessarily be less than the divisor. 

Division may be Indicated in any of the following ways: 24 -f- 2; 24 /2; 2 JZZ. 

Division is the reverse of multiplication, as shown by the following: 

(a) 6 x 7.42 42 i 6.7 42 f 7 = 6 

(b) 9 x 8 = 72 72 t 9 • 8 72 f 8 = 9 

To study the division combinations, turn back to the same table used in stuctying 
the multiplication tables. To find how many times any one of the numbers in the left- 
hand column is contained in any number in the line following it, look at the number in 
the top row directly over the number divided. For example, 9 is contained in 54 six 
times because the black number directly at the top of that column is 6. 

To study the table conveniently, lay a card or rule directly below the line numbers 
to be studied. For example, if you lay it directly below the 8 in the left-hand column 
and the line of n umb ers follo wing it, you will find by looking at the black figure at the 
head of each column that 8 is c on tained in 16 twice, in 24 three times, etc. 

m a more complicated type of division, suppose it is required to divide 981,504 
by 213. 
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4,608 Quotient 
213 7981,504 
852 
1295 
1278 
1704 
1704 


i 


The divisor is written down to the left of the dividend as indicated. It will be set: 
that 213 is not contained in 9 or 98, but it is contained in 981 four times. 4 is written 
down as the first number in the quotient. The remainder of dividing 981 by 213 is 12S 
and bring down 5 (the next number in the dividend after 981) we have 1295, which coo- 
tains 213 six times with a remainder of 17. We of course write down 6 as the second 
number of the quotient, and then bringing down 0 from the dividend we have 170, whic: 
will not contain 213 at all. Zero is therefore written down in the quotient and 4 is 
brought down from the dividend. 213 is contained in 1704 eight times with no remain¬ 
der, and the final answer in the quotient is therefore 4608. 

Short methods in division: To divide by 10, 100, 1,000, etc., move the decimal 
point as many places to the left as there are zeros in the divisor. 

To divide by 5, multiply by 2 and divide by 10 (1/5 s 2/10). 

To divide fay 25, multiply by 4 and divide by 100 (1/25 = 4/100). 

To divide by 125, multiply by 8 and divided by 1,000 (1/125 s 8/1000). 

To divide fay 12 1/2, multiply by 8 and divide by 100. 

To divide by 33 1/3, multiply by 3 and divided by 100. 

Thus - 

25 f 10.2.5. 

25 <■ 5 a 5.0 s 5. 

125 i- 25 = 5.00 = 5. 

4,000 t 125 = 32.000 = 32. 

800 * 12 1/2 s 64.00 = 64 . 

900 33 1/3 = 27.00 = 27 . 


FACTORING 

An integer is a whole number, such as 4 or 15. 

A factor of a number is a number that will divide it without a remainder. 5 is a 
factor of 15. 8 is a factor of 24. 

A common factor of two or more numbers is a number that will divide each of 
them without a remainder. 6 is a common factor of 12, 24, and 60. 
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The greatest common factor of two or more numbers is the greatest number that 
will exactly divide each of them. It is also called the greatest common divisor. The 
greatest common divisor of 12, 24, and 60 is 12. 

A prime number is one that has no factors besides itself and 1. 7, 11, and 17 
are prime numbers. 

A prime factor of a number is a prime number that will divide it without a re¬ 
mainder. The prime factors of 21 are 3 and 7. The prime factors of 30 are 2,3, 
and 6 . 

A multiple of a number is a number that will contain it without a remainder. 12 
is a multiple of 4. 72 is a multiple of 18. 

A common multiple of two or more numbers is a number that will contain each of 
them without a remainder. A common multiple of 3 and 6 is 24. A common multiple 
of 3, 5, and 6 is 60. 

The least common multiple of two or more numbers is the least number that will 
contain each of them without a remainder. The least common multiple (1. c. m.) of 
5, 6, and 10 is 30. The 1. c. m. of 8, 10, and 12 is 120. 

The least common denominator of several fractions is the 1. c. m. of their denom¬ 
inators. The least common denominator of 1/2, 1/6, and 1/8 is 24. 

TESTS OF DIVISIBILITY 

The following rules will help in factoring some numbers by inspection: 

2 is a factor of all even numbers . (Numbers ending in 2, 4, 6, 8, and 0.) 

3 is a factor of any number if the sum of its digits is divisible by 3 . Take 234 as 
an example. (2 t 3 ♦ 4 =* 9.) 9 is divisible by 3; therefore 234 is divisible by 3. 

4 is a factor of any number if it will divide the last two digits of the number . Take 
1 ,324 as an example. 4 will divide 24, the last two places of 1,324; therefore it will 
divide the whole number. 

5 is a factor of any number ending In 5 or in 0 . 

8 is a factor of any number if the last three places can be divided by 8 . Take 
31,120. 8 will divide 120; therefore it will divide the whole number. 

9 is a factor of any number if the sum of its digits is divisible by 9 . Take 3,575 as 
an example. (3+ 5+ 7 + 3 = 18.) 18 is divisible fay 9; therefore 3,573 is divisible by 9. 

10 is a factor of any number ending in 0. 
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CHAPTER I 


MATHEMATICS 

As we all know, mathematics plays an Important part of our everyday life. We 
use it to determine the amount of change due us when we pay for an article at the store, 
we use it to determine how many miles per gallon our new car is getting, and we also 
use it in keeping our monthly budgets. Of course there are many other Instances where 
we use mathematics but these are only a few. 

hi the field of x-ray technique, as in any other technical field, mathematics is 
used extensively. When learning the different electrical circuits of an x-ray machine, 
there will be many times when you will be required to use mathematics to determine 
the voltage, amperage, or amount of resistance at a certain point in the circuit. With¬ 
out a knowledge of basic mathematics you will not be able to determine the correct 
factors (time, kilovoltage, and milliamperage) required to produce a satisfactory radio¬ 
graph. 

Many of the men who will study this course have already had a thorough course in 
arithmetic, while others may not have been so fortunate. Other men, who have been 
away from school for several years, may find it necessary to make a quick review of 
the principles of arithmetic, even if they have known them thoroughly when they left 
school. 

There are four basic types of problem that all mathematics is built around. These 
are: (1) Addition; (2) Subtraction; (3) Multiplication (4) Division. Once you have a 
thorough understanding of these four basic type problems, mathematics will be a very 
easy task for you. 

ADDITION 

Definitions. Adding is the process of finding a number, which is equal to the com¬ 
bined values of two or more given numbers. The result obtained by this combination is 
caUed the "sum." Hence it may be said that the sum of two or more numbers is a 
number containing as many units as all the numbers taken together. 

Since a number is a collection of units of the same kind, two or more numbers 
may be united into one sum only when they are like quantities or are composed of units 
of the same kind. Thus, the sum of 2 volts and 6 volts is 8 volts, but 5 volts and 6 
amperes cannot be united into one quantity of either volts or amperes. 

Sample Problem: Add 2672, 1068, 9214, and 309 


#1 2672 #2 309 

1068 2672 

9214 9214 

309 1068 

13,263 13,263 
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In problem number 1 the numbers were added in the order as they were given in 
the original problem. In problem number 2 the numbers were rearranged and added 
again. The answers of both the first problem and the second problem were the same, 
which indicates that the problem is correct. 

SUBTRACTION 


Definitions. Subtraction is the process of finding the difference between two num¬ 
bers. The greater of the two numbers whose difference is to be found is called the 
minuend ; the smaller is called the subtrahend . The number left after taking the sub¬ 
trahend from the minuend is called the difference or the remainder. 

Rules : Write the subtrahend under the minuend so that units of the same order 
will be in the same column. 

Begin with units of the lowest order to subtract, and proceed to the highest, writ¬ 
ing each remainder under the line in the proper place. 

If any digit of the minuend is less than the corresponding digit of the subtrahend, 
add 10 to it and then subtract; but consider that the next digit of the minuend has been 
diminished by one. 

Use the above rules in solving all problems in subtraction. Only like numbers an: 
units of the same order can be subtracted. The remainder is always like the minuend 
and subtrahend. This process is the reverse of addition. 

Perform the subtractions indicated in excercise below and check your answers. I 
you are not certain that you know how to do them, study the solution of the sample 
problems before attempting the others. 

Sample problem 1: 

465 

-247 

218 - Answer 

Solution : We cannot subtract 7 from 5, so we borrow 1 from 6, the preceding 
number, and add 10 to the 5, making it 15. Now, 7 from 15 leaves 8. 

In the next column, we have borrowed 1 from the 6, leaving it 5. So 4 from 
5 leaves 1. 

hi the left hand column, 2 from 4 leaves 2, so the entire answer is 218. 

Sample problem 2 : 

405 

-247 

158 - Answer 
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Solution : We cannot subtract 7 from 5, so we must borrow 1 from the pre¬ 
ceding number. But the preceding number is 0, so we borrow 1 from the 4 and add 
10 to the 0, making it 10. Now we take 1 from this 10 and add 10 to the 5 in the right- 
hand column, making it 15. Now, 7 from 15 leaves 8. 

In the next column, we have borrowed 1 from the 10, leaving it 9. So 4 from 
9 leaves 5. 

In the left-hand column, we have borrowed 1 from the 4, leaving it 3. So 2 
from 3 leaves 1, and the entire answer is 158. 


How to check subtraction problems : The upper number in subtraction is called 
the minuend. The lower number is called the subtrahend. A check on the accuracy of 
an answer in subtraction is to add the answer or remainder to the subtrahend, ft the 
answer is correct, this will give you the same number as the minuend. 

Problem Proof 


1826 minuend 
- 789 s ubtrahend 
1067 remainder 


759 

+1067 

1826 checks with minuend. 


MULTIPLICATION 


Definitions: Multiplication is a process of taking one quantity as many times as 
there are units in another. It is also a short process of adding a certain quantity to 
itself a certain number of times. 

A problem in multiplication has three parts, namely, the multiplicand, the multi¬ 
plier, and the product. 

The multiplicand is the quantity to be multiplied or taken. The multiplier is the 
quantity that denotes the number of times the multiplicand is to be taken. 

The product is the result or answer obtained by multiplication. 
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27 
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36 
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36 
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44 

48 

5 
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20 

25 

30 

35 

40 

45 

50 

55 

60 

6 

12 

18 

24 

30 

36 

42 

48 

54 

60 

66 

72 

7 

14 

21 

28 

35 

42 

49 

56 

63 

70 

77 

84 

8 

16 

24 

32 

40 

48 

56 

64 

72 

80 

88 

96 
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45 
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63 

72 
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90 

99 

108 
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11 
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121 

132 
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b problem number 1 the numbers were added in the order as they were given in 
the original problem. In problem number 2 the numbers were rearranged and added 
again. The answers of both the first problem and the second problem were the same, 
which indicates that the problem is correct. 

SUBTRACTION 


Definitions. Subtraction is the process of finding the difference between two num¬ 
bers. The greater of the two numbers whose difference is to be found is called the 
minuend ; the smaller is called the subtrahend . The number left after taking the sub¬ 
trahend from the minuend is called the difference or the remainder. 

Rules : Write the subtrahend under the minuend so that units of the same order 
will be in the same column. 

Begin with units of the lowest order to subtract, and proceed to the highest, writ¬ 
ing each remainder under the line in the proper place. 

If any digit of the minuend is less than the corresponding digit of the subtrahend, 
add 10 to it and then subtract; but consider that the next digit of the minuend has been 
diminished fay one. 

Use the above rules In solving all problems in subtraction. Only like numbers and 
units of the same order can be subtracted. The remainder is always like the minuend 
and subtrahend. This process is the reverse of addition. 

Perform the subtractions indicated in excercise below and check your answers. 1 
you are not certain that you know how to do them, study the solution of the sample 
problems before attempting the others. 

Sample problem 1: 

465 

-247 

218 - Answer 

Solution : We cannot subtract 7 from 5, so we borrow 1 from 6, the preceding 
number, and add 10 to the 5, making it 15. Now, 7 from 15 leaves 8. 

In the next column, we have borrowed 1 from the 6, leaving it 5. So 4 from 
5 leaves 1. 

In the left hand column, 2 from 4 leaves 2, so the entire answer is 218. 

Sample problem 2 : 

405 

-247 

158 - Answer 
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Solution ; We cannot subtract 7 from 5, so we must borrow 1 from the pre¬ 
ceding number. But the preceding number is 0, so we borrow 1 from the 4 and add 
10 to the 0, making it 10. Now we take 1 from this 10 and add 10 to the 5 in the right- 
hand column, making it 15. Now, 7 from 15 leaves 8. 

In the next column, we have borrowed 1 from the 10, leaving it 9. So 4 from 
9 leaves 5. 

In the left-hand column, we have borrowed 1 from the 4, leaving it 3. So 2 
from 3 leaves 1, and the entire answer is 158. 


How to check subtraction problems ; The upper number In subtraction is called 
the minuend. The lower number is called the subtrahend. A check on the accuracy of 
an answer in subtraction is to add the answer or remainder to the subtrahend, If the 
answer is correct, this will give you the same number as the minuend. 

Problem Proof 


1826 minuend 
- 769 s ubtrahend 
1067 remainder 


759 

■<•1067 

1826 checks with minuend. 


MULTIPLICATION 

Definitions; Multiplication is a process of taking one quantity as many times as 
there are units in another. It is also a short process of adding a certain quantity to 
itself a certain number of times. 


A problem in multiplication has three parts, namely, the multiplicand, the multi¬ 
plier, and the product. 

The multiplicand is the quantity to be multiplied or taken. The multiplier is the 
quantity that denotes the number of times the multiplicand is to be taken. 

The product is the result or answer obtained by multiplication. 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

2 

4 

6 

8 

10 

12 

14 

16 

18 

20 

22 

24 

3 

6 

9 

12 

15 

18 

21 

24 

27 

30 

33 

36 

4 

8 

12 

16 

20 

24 

28 

32 

36 

40 

44 

48 

S 

10 

15 

20 

25 

30 

35 

40 

45 

50 

55 

60 

6 

12 

18 

24 

30 

36 

42 

48 

54 

60 

66 

72 

7 

14 

21 

28 

35 

42 

49 

56 

63 

70 

77 

84 

8 

16 

24 

32 

40 

48 

56 

64 

72 

80 

88 

96 

9 

18 

27 

36 

45 

54 

63 

72 

81 

90 

99 

108 

10 

20 

30 

40 

50 

60 

70 

80 

90 

100 

110 

120 

11 

22 

33 

44 

55 

66 

77 

88 

99 

110 

121 

132 

12 

24 

36 

48 

60 

72 

84 

96 

108 

120 

132 

144 
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To use this table, find one of the two numbers to be multiplied in the upper row 
and the other in the left-hand column. The product of the two will be found at the Inter¬ 
section of two imaginary lines. For example, under the 9 and opposite the 8 is found 
the product 72. That is, 9x8= 72. 

Rules : When multiplying, write the multiplier under the multiplicand, so that 
units are under units, tens under tens, etc. 

Begin at the right, and multiply the multiplicand by the figures of the multiplier, 
taken in succession, placing the right-hand figure of each partial product directly 
under the figure used as a multiplier. 

The sum of the partial products will be the required product. 

Sample problem : Multiply 345 by 7. 

345 

7 

2415 

Solution: hi multiplication the numbers are arranged as in addition, units 
under units, tens under tens, etc. 

Beginning at the right, 7 x 5 = 35. We bring down the 5 of the 35 and carry 
the 3 to the next column. 

In the next place to the left, 7 x 4 = 28, and adding the 3, to be carried, we 
have 31. We bring down the 1 of the 31 and carry the 3 to the next column. 

In the left hand place, 7 x 3 = 21, and adding the 3 to be carried we have 24. 

Bring this down with the 4 under the 3 in the number multiplied and the entire answer 

is 2,415. 

Short Methods of Multiplication : To multiply by 10, 100, 1,000, etc., annex to 
a whole number as many zeros as there are zeros in the multiplier. 

In a decimal, move the decimal point to the right as many places as there are 
zeros in the multiplier. 

To multiply by 9, multiply by 10 and subtract the multiplicand. 

To multiply by 11, multiply by 10 and add multiplicand. 

To multiply by 20, 200, 2,000, etc., multiply by 2 and add as many zeros to the 
right of the multiplicand as there are zeros in the multiplier. 

To multiply by 19 , multiply by 20 and subtract the multiplicand. 

To multiply by 21, multiply by 20 and add multiplicand. 

To multiply by 25, multiply by 100 and divide by 4 (100/4 = 25). 

To multiply by 99, multiply by 100 and subtract the multiplicand. 

To multiply by 125, multiply by 1,000 and divide by 8 (1000/g _ 125). 

To multiply by 12 1/2, multiply by 100 and divide by 8 k °°/8 = 12 1/2). 

To multiply by 33 1/3, multiply by 100 and divide by 3 (IOO /3 _ 33 1/3). 
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Thus, 10 x 72 = 720; 10 x % 72 s 7.2; 001 x 72 s .72. 

20 x72 - 1440. 

25 x 72 a 7200 4 - 1800 

11x72 - 720 +72 = 792 
9 x 72 = 720 - 72 s 648 

19 x 72 = 1440 - 72 = 1368 

99 x 72 = 7200 - 72 = 7128 

21 x 72 a 1440 + 72 = 1512 
125 x 72 - 72000 ^8 * 9000 

12 1/2 x 72 = 7200 + 8 * 900 
33 1/3 x 72 a 7200 + 3 * 2400 

DIVISION 

Definitions: Division is a process of finding how many times one number contains 
another. In division there are three principal terms, the dividend, the divisor, and 
the quotient or answer. 

The dividend is the number to be divided. 

The divisor is the number which is divided into the dividend. 

The quotient is the number of times the divisor is contained in the dividend. 

When the dividend does not contain the divisor an exact number of times, the ex¬ 
cess is called the remainder. The remainder, being a part of the dividend, will always 
be the same kind as the dividend and must necessarily be less than the divisor. 

Division may be indicated in any of the following ways: 24 -f- 2; 24 /2; 2 J2?. 

Division is the reverse of multiplication, as shown by the following: 

(a) 6 x 7 - 42 42 i 6 .7 42 f 7 .6 

(b) 9x8 = 72 72 7 9 - 8 72 f 8 = 9 

To study the division combinations, turn back to the same table used in studying 
the multiplication tables. To find how many times any one of the numbers in the left- 
hand column is contained in any number in the line following it, look at the number in 
the top row directly over the number divided. For example, 9 is contained in 54 six 
times because the black number directly at the top of that col umn is 6. 

To study the table conveniently, lay a card or rule directly below the line numbers 
to be studied. For example, if you lay it directly below the 8 in the left-hand column 
and the line of numbers following it, you will find by looking at the black figure at the 
head of each column that 8 is contained in 16 twice, in 24 three times, etc. 

hi a more complicated type of division, suppose it is required to divide 981,504 
by 213. 


5 


Digitized by 


Google 


Original from 

UNIVERSITY OF MICHIGAN 



4,608 Quotient 
213 ) 981,504 
852 
1295 
1278 
1704 
1704 


The divisor is written down to the left of the dividend as indicated. It will be sea 
that 213 is not contained in 9 or 98, but it is contained in 981 four times. 4 Is written 
down as the first number in the quotient. The remainder of dividing 981 by 213 is 12$, 
and bring down 5 (the next number in the dividend after 981) we have 1295, which con¬ 
tains 213 six times with a remainder of 17. We of course write down 6 as the second 
number of the qiiotient, and then bringing down 0 from the dividend we have 170, whick 
will not contain 213 at all. Zero is therefore written down in the quotient and 4 is 
brought down from the dividend. 213 is contained in 1704 eight times with no remain¬ 
der, and the final answer in the quotient is therefore 4608. 

Short methods in division: To divide by 10, 100, 1,000, etc., move the decimal 
point as many places to the left as there are zeros in the divisor. 

To divide by 5, multiply by 2 and divide by 10 (1/5 = 2/10). 

To divide by 25, multiply by 4 and divide by 100 (1/25 = 4/100). j 

To divide by 125, multiply by 8 and divided by 1,000 (1/125 = 8/1000). 

To divide by 12 1/2, multiply by 8 and divide by 100. 1 

To divide by 33 1/3, multiply by 3 and divided by 100. 

Thus - 

25 f 10 « 2.5. 

25 t 5 s S.0 « 5. 

125 * 25 s 5.00 = 5. 

4,000 f 125 = 32.000 = 32. 

800 * 12 1/2 s 64.00 = 64 . 

900 33 1/3 = 27.00 * 27 % 

FACTORING 

An Integer is a whole number, such as 4 or 15. 

A factor of a number is a number that will divide it without a remainder. 5 is a 
factor of 15. 8 is a factor of 24. 

A common factor of two or more numbers is a number that will divide each of 
them without a remainder. 6 is a common factor of 12, 24, and 60. 
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The greatest common factor of two or more numbers is the greatest number that 
will exactly divide each of them, tt is also called the greatest common divisor. The 
greatest common divisor of 12, 24, and 60 is 12. 

A prime number is one that has no factors besides itself and 1. 7, 11, and 17 
are prime numbers. 

A prime factor of a number is a prime number that will divide it without a re¬ 
mainder. The prime factors of 21 are 3 and 7. The prime factors of 30 are 2, 3, 
and 9. 

A multiple of a number is a number that will contain it without a remainder. 12 
is a multiple of 4. 72 is a multiple of 18. 

A common multiple of two or more numbers is a number that will contain each of 
them without a remainder. A common multiple of 3 and 6 is 24. A common multiple 
of 3, 5, and 6 is 60. 

The least common multiple of two or more numbers is the least number that will 
contain each of them without a remainder. The least common multiple (1. c. m.) of 
5, 6, and 10 is 30. The 1. c. m. of 8, 10, and 12 is 120. 

The least common denominator of several fractions is the 1. c. m. of their denom¬ 
inators. The least common denominator of 1/2, 1/6, and 1/8 is 24. 

TE8T8 OF DIVISIBILITY 

The following rules will help in factoring some numbers by inspection: 

2 is a factor of all even numbers . (Numbers ending in 2, 4, 6, 8, andO.) 

3 is a factor of any number if the sum of its digits is divisible by 3 . Take 234 as 
an example. (2 t 3 t 4 » 9.) 9 is divisible by 3; therefore 234 is divisible by 3. 

4 is a factor of any number if it will divide the last two digits of the number . Take 
1,324 as an example. 4 will divide 24, the last two places of 1,324; therefore it will 
divide the whole number. 

5 is a factor of any number ending in 5 or in 0 . 

8 is a factor of any number if the last three places can be divided by 8 . Take 
31,120. 8 will divide 120; therefore it will divide the whole number. 

9 is a factor of any number if the sum of its digits is divisible by 9 . Take 3,575 an 
an example. (3 + 5+ 7 + 3s 18.) 18 is divisible fay 9; therefore 3,573 is divisible by 9. 

10 is a factor of any number ending in 0. 
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Greatest common divisor: The greatest common divisor of such numbers as we 
shall need in studying fractions is easily found by factoring. 

I 

For example required the g. c. d. of 56, 98, and 154. 

56s2x2x2x7 

98 = 2 x 7 x 7 
154 = 2 x 7 x 11 

As the g. c. d. of two or more numbers is the product of all their common factors , 
we resolve the numbers into their prime factors and find which of these prime factors 
are common to all the numbers. 

hi this problem 2 and 7 are the only common prime factors, so the g.c.d. of 56, 
98, and 154 is 2 x 7, or 14. 

The following method of arranging numbers in finding the g. c. d. is sometimes 
preferred: 

2) 56. 98, 154 

7) 28, 49, 77 

7, 7, 11 

This is only another method of finding the common prime factors of the numbers 
concerned. The only numbers that divide evenly all of the numbers are 2 and 7, so 
the g.c.d. is 2 x 7, or 14. 

Least common multiple : Since the least common multiple of two or more numbers 
must contain each of the numbers, it must contain all of the prime factors of each, ami 
this is the principle upon which the finding of the l.c.m. rests. 

Find the l.c.m. of 18, 32, and 40. 

18 = 2 x 3 x 3 

3 occurs twice as a factor of 18. It must, therefore, be used twice in the l.c.m. 

32-2x2x2x2x2 

2 occurs 5 times as a factor of 32, so it must be used 5 times in the 1. c.m. 

40 = 2x2x2x5 

5 occurs once as a factor of 40, so it must be used in the l.c.m. 

Hence, the l.c.m. of 18, 32, and 40 is 

2 x 2 x 2x4x2 x3x3x5 - 1,440; or 2 5 x 3 2 x 5 = 1,440 
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It 1b often convenient to use the following arrangement of numbers in finding the 
l.c.m. 

To find the l.c.m. of 12, 36, 54, and 63: 

2) 12. 36, 54, 63 

3) 6. 18, 27, 63 

3) 3, 6. 9. 21 

1, 2, 3, 7 

Divide any two or more of the numbers by any prime factor common to them, until 
the quotients are prime to each other. 

l.c.m. 2 2 x3 3 x7 = 756 

The product of the divisors and the last quotients is the 1. c. m. 

The most important use of the 1. c. m. is found in the addition and subtraction of 
common fractions. The least common denominator of two or more fractions is the 
l.c.m. of their denominators. 

COMMON FRACTIONS 

Multiplying or dividing both terms of a fraction by the same number does not 
change its value. 

Change 5/16 to 64ths: 

64 * 16 = 4 

Since multiplying both terms of a fraction by the same number does not change its 
value, multiply both terms of the fraction by the quotient of 64 r 16, or 4. 

5/16 s 5/16 x 4/4 s 20/64 

Change 12/18 to lowest terms: 

12/18 f 3/3 s 4/6; 4/6 t 2/2 = 2/3; 

Or 12/18 f 6/6 = 2/3 

Since dividing both terms of a fraction by the same number does not change its 
value, divide both terms by 3 and both terms of the resulting fraction by 2, leaving 
the factors 2 and 3. Hence 12/18 - 2/3. Or divide both terms of the fraction directly 
by 6, the greatest common divisor. 

Change 18 15/16 to an improper fraction. 
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Solution: 18 = 288/16; 288/16 ¥ 15/16 * 303/16. 1 m 

Change 147/8 to a mixed number. 4 jjt 

Solution: 147/*= 147 * 8 * 18 3/8. 

Since a fraction is an indicated division we simply perform this division. 

Change 1/2, 2/3, and 5/9 to similar fractions having the least common denomina¬ 
tor. 

Solution: l.c.d. = 18. 1/2 = 9/18; 2/3 = 12/18; 5/9 = 10/18. 


ADDITION AND SUBTRACTION OF FRACTIONS 
Find the sum of 2/3, 3/4, and 8/9: 

Solution: The least common demonimator is the l.c.m. of 3, 4, and 9, which is 

2/3 = 24/36. 

3/4 ■> 27/36. 

8/9 . 32/36. | 

Sum 83/36 = 2 11/36 

Change the given fractions to 36ths: 2/3 = 24/36; 3/4 = 27/36; 8/9 = 32/36. ! 

The sum of these fractions = 83/36 or 2 11/36. Answer. i 

Find the difference between 8/9 and 3/4: 

Solution: Reduce 8/9 and 3/4 to 36ths, as above 8/9 = 32/36; 3/4 s 27/36 then 
32/36 - 27/36 = 5/36. 

MULTIPLICATION OF FRACTIONS 

Example 1: Find 5/8 x 16/25. 

5/8 x 16/25 = » X 16 - 80/200 or 2/5. 

8 x 25 

In the first example the product of the numerators = 80; of the demonlnators 200; 
80/200 = 2/5. 

Example 2: 2 

t x W._ 2 
a u “ 5 

5 

In the second example we show how the work may be shortened by cancellation. 
Multiply the numerators for the numerator of the product and the denominators for the 
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demonlmator of the product, canceling when possible. 

Note: Finding a fractional part of a number is the same as multiplying the number 
by the fraction: 

Thus 3/4 of 8 = 3/4 x 6/1; 3/4 of 2/9 = 3/4 x 2/9. 

Find 3/8 of 2 1/2: 

Solution: 2 1/2 = 5/2; 3/8 of 5/2 = 15/16. 

Multiply 16 by 3 3/8: 

16 

x3 3/8 
3/8 x 16 = 6 
3 x 16 = 48 
3 3/8x16-54 

Multiply 15 5/8 by 7: 

15 5/8 
_7 

7 x 5/8-4 3/8 
7 x 15 =105 


7 x 15 6/8 =109 3/8 
DIV1B10N OF FRACTIONS 

Divide 8 by 2/3: 

4 

8 t 2/3 = 0 x 3/2 = 12 


Invert or change the divisor 2/3 to 3/2 and multiply, using cancellation. 
Divide 5/16 fay 4: 

5/16 * 4 = 5/16 x 1/4 = 5/64 

Invert or change the divisor 4/1 to 1/4 and multiply: 

Divide 5/16 by 3/4: 

5/16 f 3/4 = 5/>4 x /f/3 = 5/12 

4 

Invert or change the divisor 3/4 to 4/3 and multiply, using cancellation 
Divide 3 1/8 fay 5: 

3 1/8 = 25/8; 25/8 f 5 = 25/8 x 1/5 = 5/8 

Divide 5 by 3 1/8: 

5 f 25/8 = 5 x 8/25 -8/5 = 1 3/5 

Invert the terms of the divisor and multiply, canceling when possible. 
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Divide 1286 7/8 by 9: 


9/1286 | 

142 71/72 

When the mixed number is a large number, proceed as in the example shown above, 
changing the remaining mixed number 7 7/8, to the improper fraction, 71/8, and divid¬ 
ing it by 9. Thus 1/9 of 71/8 * 71/72. 

A fraction that has a fraction or a mixed number in either or both of its terms is 
called a complex fraction . A complex fraction is simply an Indicated division of frac¬ 
tions. 


5 1/2 r 2 3/4 = 11/2 T 11/4 = tt/t x 4/tt = 2 


FRACTION RELATIONS 
What part of 114 is 95? 

Solution: 95 = 95/114, or 5/6 of 114. 

What part of 5 1/4 is 3/8? 

Solution: 5 1/4 - 21/4; iZl = 3/8 r 21/4 = 3/8 x 4/21 = 1/14. 

21/4 

If 5/6 of a number is 60, what is the number? 

Solution: 5/6 x the required number = 60. Hence 60 - the product of 5/6 by the 
required number. Therefore the number = 60 f 5/6, or 72. 

480 = 4/25 x the number. 480 f 4/25 = ? 


CANCELLATION 

Much time can be saved in working some problems by the use of cancellation. 
Cancellation can always be used when a series of multiplied factors are to be divided 
by another series of multiplied factors. 

Examples: 

1. Divide 15 x 36 x 56 x 45 x 11 
8 x 28 x 55 
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2 

2 0 9 

Solution: ^x36xtfx^x tL - 2x2x36 x9 - 1,296 

4 XX 


2. Divide 28 x 36 x 50 by 25 x 27 x 48. 

2 

7 i XV 

Solution: M-*M* W = JjL 2 = ii. = 1 5/9. 

#x#x# 3x3 9 

X 3 XX 

3 

3. Four men have the task of sorting 24 boxes of castings, each box containing 
720 pieces. If each man can handle 12 pieces per minute, how many hours will it take 
them to sort the castings ? 

Solution: If we use the long method of working the problem, we do it as follows: 

720 x 24 s 17,280 the total number of pieces to be sorted. 

12 x 4 x 60 = 2,880 number of pieces the four men can sort in one hour. 
17,280 -t* 2,8880 = 6 the number of hours required. 

Solution by cancellation: 6 

XX 

IX X 

M x M = 6 hours 
X2 x i x 00 

X 0 


DECIMAL FRACTIONS 


Decimals are tenth fractions, that is, they Indicate tenth parts of a unit or their 
subdivisions into hundredths, thousandths, etc. The decimal point (.) used in the deci¬ 
mal is written at the left of the number expressing the numerator. The demonimator 
of a decimal always consists, therefore, of the figure 1 followed by one or more ciphers. 
For example, .5 is a decimal, is read five-tenths and may be written 5/10. 

The value of the denominator of a decimal fraction depends on the number of deci¬ 
mal places. For example: 

One decimal place expresses tenths. 

Two decimal places express hundredths. 

Three decimal places express thousandths. 

Four decimal places express ten-thousandths. 

Five decimal places express hundred-thousandths. 

Six decimal places express millionths. 
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.5:5 tenths = 5/10 
. 05 > 5 hundredths - 5/100 
. 005 : 5 thousandths a 5/1000 
. 0005 : 5 ten thousandths a 5/10000 
. 00005 = 5 hundred thousandths a 5/100000 
. 000005 = 5 millionths = 5/1000000 


Likewise .38795 = 38795/100000. 
Also 18.75 = 18 75/100. 


Any number of ciphers may be added to the right of the decimal point or removed 
from the right, without changing its value: .5 = .50000. But Inserting a cipher be¬ 
tween the decimal point and the first figure divides the decimal by ten: . 5 = 5/10 but 
.05 =5/100. 


Also moving the decimal point to the right in a number multiplies the number fay 10 
for each place the point is moved: .875 = 875/1000, 8.75 = 8 75/100. 


•3 

9 

i 


DECIMAL TABLE 




6 4 3 9 


3 6 


5 7 



2 3 


hi reading the decimals, use the names just given to represent the places, omit¬ 
ting the word "and" except at the decimal point. The following examples give the proper 
reading and the corresponding figures for a few cases: 


1. Nine-tenths 0.9 

2. Ninety-five hundredths .95 

3. Nine hundred fifty-four thousandths . 954 

4. Six thousand one ten-thousandths .6001 

5. Six and one ten-thousandths 6.0001 


The number shown in the table above is read thus: Sixthousand four hundred 
thirty-nine and thirty-six million five hundred seventy-nine thousand eight hundred 
twenty-three hundred millionths. 
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ADDITION OF DECIMALS 


la addition of decimals, place the numbers so that the decimal points will be direct¬ 
ly under each other, regardless of the number of figures. Having done this, add the 
figures, as in addition of whole numbers. The last step is to place a decimal point in 
the sum directly under the column of decimal points. 

Example: 1. Add 1.75, 62.625, and 3.937. 

Solution: Following the process given above and placing 

1.75 

62.625 

3.937 


68.312 

the decimal point in the sum directly under the column of decimal points, 68.312 
is obtained. 

The greatest accuracy must be exercised in using decimals. A decimal point is 
more important than any figure, because a misplaced decimal point Increases the 
error at least ten times. 

SUBTRACTION OF DECIMALS 


hi the subtraction of decimals, the process is exactly the same as in the case of 
whole numbers. Place the subtrahend under the minuend with the decimal points direct¬ 
ly under each other. Subtract as in whole numbers. In the remainder, place the deci¬ 
mal point in the same column as the other decimal points. 

Examples: 1. From 5.17 subtract .01 

Solution: Subtract as in whole numbers, paying careful attention to the decimal 
point. 

5. 17 
.01 
5.16 

2. From 128 subtract 96.307 

Solution: This is an example in which the minuend is a whole number, which neces¬ 
sitates placing a decimal point to the right of the whole number and annexing ciphers. 

In doing this the integer is changed to a mixed decimal. Adding ciphers to the right of 
the decimal point multiplies both the numerator and denominator of the decimal fraction. 

128.000 

96.307 

31.693 
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by the same numbers, which although changing its form does not change its value. 
Cariying out the subtraction as In whole numbers, the remainder 31.693 is obtained. 

3. From 134.089 subract 93. 

Solution: Placing a decimal point at the right of 93, subtract as before. 

134.089 

93. 

41.089 

MULTIPLICATION OF DECIMALS 


hi multiplying decimals, proceed as with whole numbers, paying no attention to 
the decimal point until all the figures in the product are obtained. Then point off as 
many places in this product as the total number of places in both multiplicand and 
multiplier, prefixing ciphers if necessary. 

Examples: 1. Multiply .397 by 41. 

.397 

41 

397 

1588 

16.277 

Solution: Since there are three decimal places in the multiplicand and none in the 
multiplier, point off 3 / 0 places in the product. 

2. Multiply .027 by .05. 

.027 

.05 

.00135 

Solution: First, write the decimals so that the multiplication may be most readily 
performed. 27 is multiplied by 5 as if both were integers. Ciphers are then prefixed 
to 135 until the product contains 3 / 2 or 5 decimal places. 

To multiply a decimal or a mixed number expressed as a decimal by 10, 100, 
1,000, etc., move the decimal point as many places to the right as there are ciphers 
in the multiplier. If there are not figures enough for this, annex sufficient ciphers. 
Observe the following: 

.046 x 1 = .046 .046 x 100 = 4.6 

. 046 x 10 = . 46 .046 x 10000 = 460 


16 


Digitized by Google 


Original from 

UNIVERSITY OF MICHIGAN 



Note that after the decimal point has been moved the required number of places to 
the right, the cipher which comes before is dropped, since it now has no effect on the 
value, hi the last case it is necessaiy to annex a cipher to the 46 to give the number of 
places required by the four ciphers in the multiplier. 

After a multiplication is completed, if ciphers occur at the right of the decimal 
point with no figures following, the ciphers may be dropped. Thus, 12.4 x 10.5 = 

130.20. The result should be written 130.2. 

DIVISION OF DECIMALS 


hi division of decimals, proceed as with whole numbers, paying no attention to the 
decimal point until the quotient is obtained. Then point off in the quotient as many deci 
mal places as those in the dividend exceed those in the divisor. 

This, it will be noted, is the reverse of the process just given in multiplication of 
decimals. 

It should be remembered that while the dividend may contain more decimal places 
than the divisor, it must contain as least as many. To bring this about annex as many 
ciphers as necessaiy to the right of the decimal point in the dividend. 

When the division does not come out evenly, annex ciphers to the dividend and con¬ 
tinue the division so as to give at least two decimal places in the quotient. 

Examples: 1. Divide 36.744 by 24. 

Solution: No attention is paid to the decimal point until all the figures of the quo¬ 
tient are obtained. As there are no decimal places in the divisor but three in the divi¬ 
dend, the number of decimal places in the quotient is three. 

1.531 

24)36.744 

24 

127 

120 

74 

72 

24 

24 


2. Divide .196 by .004. 

Solution: There are three decimal places in the divisor and three in the divi¬ 
dend. Therefore, none will be found in the quotient. The decimal point is placed to the 
right of the result. 

. 00 4). 196 
49 

17 
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Divide 1286 7/8 by 9: 


9/1286 " 

142 71/72 

When the mixed number is a large number, proceed as in the example shown above 
changing the remaining mixed number 7 7/8, to the improper fraction, 71/8, and dott¬ 
ing it by 9. Thus 1/9 of 71/8 s 71/72. 

A fraction that has a fraction or a mixed number in either or both of its terms is 
called a complex fraction . A complex fraction is simply an indicated division of frac¬ 
tions. 


5 1/2 r 2 3/4 = 11/2 t 11/4 = tt/% x i/tt = 2 

FRACTION RELATIONS 
What part of 114 is 95? 

Solution: 95 = 95/114, or 5/6 of 114. 

What part of 5 1/4 is 3/8 ? 

Solution: 5 1/4 = 21/4; -3/1 = 3/8 r 21/4 = 3/8 x 4/21 = 1/14. 

21/4 

If 5/6 of a number is 60, what is the number? 

Solution: 5/6 x the required number = 60. Hence 60 - the product of 5/6 by the 
required number. Therefore the number = 60 f 5/6, or 72. 

480 = 4/25 x the number. 480 f 4/25 = ? 


CANCELLATION 

Much time can be saved in working some problems by the use of cancellation. 
Cancellation can always be used when a series of multiplied factors are to be divided 
by another series of multiplied factors. 

Examples: 

1. Divide 16 x 36 x 56 x 45 x 11 
8 x 28 x 55 
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1,296 


2 

2 0 9 

Solution: tfx36x^xffx tL - 2x2x36x9 « 
/ x 00x00 

i XX 


2. Divide 28 x 36 x 50 by 25 x 27 x 48. 

2 

7 i X0 

Solution: M *M = 1*2 . 14_ . i 5 / 9 . 

00 X 07 X 00 3x3 9 

* 3 tf 

3 

3. Four men have the task of sorting 24 boxes of castings, each box containing 
720 pieces. If each man can handle 12 pieces per minute, how many hours will it take 
them to sort the castings ? 

Solution: S we use the long method of working the problem, we do it as follows: 

*720 x 24 = 17,280 the total number of pieces to be sorted. 

12 x 4 x 60 = 2,880 number of pieces the four men can sort in one hour. 
17,280 2,8880 = 6 the number of hours required. 

Solution by cancellation: 6 

X0 

70 0 

W * i L = 6 hours 

02x0x00 

% 0 


DECIMAL FRACTIONS 


Decimals are tenth fractions, that is, they indicate tenth parts of a unit or their 
subdivisions into hundredths, thousandths, etc. The decimal point (.) used in the deci¬ 
mal is written at the left of the number expressing the numerator. The demonimator 
of a decimal always consists, therefore, of the figure 1 followed by one or more ciphers. 
For example, .5 is a decimal, is read five-tenths and may be written 5/10. 

The value of the denominator of a decimal fraction depends on the number of deci¬ 
mal places. For example: 

One decimal place expresses tenths. 

Two decimal places express hundredths. 

Three decimal places express thousandths. 

Four decimal places express ten-thousandths. 

Five decimal places express hundred-thousandths. 

Six decimal places express millionths. 
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thousands 


.5 = 5 tenths = 5/10 
.05 >5 hundredths - 5/100 

. 005 z 5 thousandths ■ 5/1000 r 

. 0005 = 5 ten thousandths ■ 5/10000 
. 00005 = 5 hundred thousandths ■ 5/100000 
. 000005 = 5 millionths = 5/1000000 

Likewise .38795 = 38795/100000. 

Also 18.75 = 18 75/100. 

Any number of ciphers may be added to the right of the decimal point or removed 
from the right, without changing its value: .5 = .50000. But Inserting a cipher be¬ 
tween the decimal point and the first figure divides the decimal by ten: . 5 = 5/10 but 
.05 =5/100. 

Also moving the decimal point to the right in a number multiplies the number by 10 
for each place the point is moved: .875 = 875/1000, 8.75 = 8 75/100. 

DECIMAL TABLE 


55 o 

§ -3 


In reading the decimals, use the names just given to represent the places, omit¬ 
ting the word "and" except at the decimal point. The following examples give the proper 
reading and the corresponding figures for a few cases: 


1. Nine-tenths 

2. Ninety-five hundredths 

3. Nine hundred fifty-four thousandths 

4. Six thousand one ten-thousandths 

5. Six and one ten-thousandths 


0.9 

.95 

.954 

.6001 

6.0001 


The number shown in the table above is read thus: Si x thousand four hundred 
thirty-nine and thirty-six million five hundred seventy-nine thousand eight hundred 
twenty-three hundred millionths. 
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ADDITION OF DECIMALS 


In addition of decimals, place the numbers so that the decimal points will be direct¬ 
ly under each other, regardless of the number of figures. Having done this, add the 
figures, as in addition of whole numbers. The last step is to place a decimal point in 
the sum directly under the column of decimal points. 

Example: 1. Add 1.75, 62.625, and 3.937. 

Solution: Following the process given above and placing 

1.75 

62.625 

3.937 


68.312 

the decimal point in the sum directly under the column of decimal points, 68.312 
is obtained. 

The greatest accuracy must be exercised in using decimals. A decimal point is 
more important than any figure, because a misplaced decimal ^>oint increases the 
error at least ten times. 

SUBTRACTION OF DECIMALS 


hi the subtraction of decimals, the process is exactly the same as in the case of 
whole numbers. Place the subtrahend under the minuend with the decimal points direct¬ 
ly under each other. Subtract as in whole numbers, hi the remainder, place the deci¬ 
mal point in the same column as the other decimal points. 

Examples: 1. From 5.17 subtract .01 

Solution: Subtract as in whole numbers, paying careful attention to the decimal 
point. 

5.17 

.01 

5.16 

2. From 128 subtract 96.307 

Solution: This is an example in which the minuend is a whole number, which neces¬ 
sitates placing a decimal point to the right of the whole number and annexing ciphers. 

In doing this the integer is changed to a mixed decimal. Adding ciphers to the right of 
the decimal point multiplies both the numerator and denominator of the decimal fraction. 

128.000 

96.307 

31.693 

15 
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by the same numbers, which although changing its form does not change its value. 
Carrying out the subtraction as in whole numbers, the remainder 31.693 is obtained. 

3. From 134.089 subract 93. 

Solution: Placing a decimal point at the right of 93, subtract as before. 

134.089 

93. 

41.089 

MULTIPLICATION OF DECIMALS 


In multiplying decimals, proceed as with whole numbers, paying no attention to 
the decimal point until all the figures in the product are obtained. Then point off as 
many places in this product as the total number of places in both multiplicand and 
multiplier, prefixing ciphers if necessary. 

Examples: 1. Multiply .397 by 41. 

.397 

41 

397 

1588 

16.277 

Solution: Since there are three decimal places in the multiplicand and none in the 
multiplier, point off 3 / 0 places in the product. 

2. Multiply .027 by .05. 

.027 

.05 

.00135 

Solution: First, write the decimals so that the multiplication may be most readily 
performed. 27 is multiplied by 5 as if both were integers. Ciphers are then prefixed 
to 135 until the product contains 3 / 2 or 5 decimal places. 

To multiply a decimal or a mixed number expressed as a decimal by 10, 100, 
1 ,000, etc., move the decimal point as many places to the right as there are ciphers 
in the multiplier. If there are not figures enough for this, annex sufficient ciphers. 
Observe the following: 

.046 x 1 = .046 .046 x 100 = 4.6 

. 046 x 10 = . 46 . 046 x 10000 = 460 
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Note that after the decimal point has been moved the required number of places to 
the right, the cipher which comes before is dropped, since it now has no effect on the 
I value, hi the last case it is necessary to annex a cipher to the 46 to give the number of 
places required by the four ciphers in the multiplier. 

After a multiplication is completed, if ciphers occur at the right of the decimal 
point with no figures following, the ciphers may be dropped. Thus, 12.4 x 10.5 = 
130.20. The result should be written 130.2. 


DIVISION OF DECIMALS 


In division of decimals, proceed as with whole numbers, paying no attention to the 
decimal point until the quotient is obtained. Then point off in the quotient as many deci¬ 
mal places as those in the dividend exceed those in the divisor. 

This, it will be noted, is the reverse of the process just given in multiplication of 
decimals. 


It should be remembered that while the dividend may contain more decimal places 
than the divisor, it must contain as least as many. To bring this about annex as many 
ciphers as necessary to the right of the decimal point in the dividend. 

When the division does not come out evenly, annex ciphers to the dividend and con¬ 
tinue the division so as to give at least two decimal places in the quotient. 

Examples: 1. Divide 36.744 fay 24. 

Solution: No attention is paid to the decimal point until all the figures of the quo¬ 
tient are obtained. As there are no decimal places in the divisor but three in the divi¬ 
dend, the number of decimal places in the quotient is three. 


’i- 

#■ 


>r: 


1.531 

24)36.744 

24 

127 

120 

74 

72 

24 

24 


2. Divide .196 by .004. 

Solution: There are three decimal places in the divisor and three in the divi¬ 
dend. Therefore, none will be found in the quotient. The decimal point is placed to the 
right of the result. 

.004 ). 196 
49 
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3. Divide .0027 by 1.35 


.002 

1.35) . 00270 

270 

Solution: It is seen that 1.35 is not contained in .0027. Therefore, annex a cipher 
to the dividend making .00270, and the divisor 1.35 is contained twice without a remain¬ 
der. Since a cipher was added to the dividend, it contains five decimal places; the 
divisor contains two, and hence in the quotient there must be five minus two, or three 
decimal places, hi order to have three decimal places, two ciphers must be prefixed 
to the quotient and the decimal point placed before them. 

4. Divide 7 by 8. 

8) 7.0000 

.875 

Solution: As 8 is not contained in 7 an integral number of times it is necessary to 
annex ciphers, the decimal point being placed to the right of 7. The division is then 
carried out as with whole numbers, and the number of decimal places in the quotient 
is equal to the difference between the numbers of decimal places in the dividend and in 
the divisor. 

By performing the division which the fraction only expresses or indicates, a com¬ 
mon fraction becomes a decimal. Thus, 3/8, 5/24; 7/16, and 15/32, may be expressed 
as decimals by dividing 3 fay 8, 5 by 24, 7 by 16, and 15 by 32, giving respectively .375, 
. 208 /, .437 /, and .469 -. The plus and minus signs after the decimals indicate that 
the true values are slightly more or less than the values given. 

A decimal fraction can be changed to a common fraction with any denominator de¬ 
sired. For instance, the decimal . 8 can be changed to a common fraction, the denomin¬ 
ator of which is 15 by getting . 8 of 15 which is 12 and placing this over 15 as the denom¬ 
inator, giving a fraction 12/15 or 4/5 which reduced to a decimal gives .8 again. 

PERCENTAGE 

The student is now familiar with all the types of fractions. It has been found that 
for many operations it is necessary to change the denomination of fractions. This puts 
them in a much more practical form. In the case of decimal fractions, it is found that 
10 or some multiple of 10 is a convenient denominator. As a matter of standardizing 
fractions on a convenient basis the percentage system is a great aid. 

Percent means by the hundredths - that is, 1 percent means 1 one-hundredth; 5 
percent means 5 one-hundredths. Another way of writing percent is to used the sign %. 
The sign percent may be read as percent or hundredths, for they mean the same. It is 
usually read percent. 
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Numbers expressed as percentages may be expressed either as decimal fractions 
or common fractions. For example: 


5% =.05 

5/100 or 1/20. 

10 % = . 10 

= 10/100 or 1/10 

25% =.25 

= 25/100 or 1/4. 

16 2/3% s . 16 2/3 

= 1/6. 

33 1/3% = .33 1/3 

= 1/3. 

37 1/2% = . 375 

= 3/8. 

50% =.50 

= 1/2. 

62 1/2% s . 625 

r 5/8. 

75% = .75 

= 3/4. 

87 1/2% = .875 

= 7/8. 


To put the matter in rule form it is necessary to give names to the different quan¬ 
tities as follows: 

The quantity of which the percent is taken is called the base . 

The number of hundredths, or the percent, of the base to be taken is called 

the rate. 

The result obtained by taking the required percent of the base is called the 
pe rcentage . 

Rules: The product of the rate and the base equals the percentage. 

The percentage divided by the base equals the rate. 

The percentage divided by the rate equals the base. 

To change a number to the percent form, multiply by 100 and annex the sign, %. 
To change a number indicating percent to the original figures, drop the % sign and 
divide by 100. For example, 1/4 = .25 and this expression, as a percent, equals 
.25 x 100 or 25%. Conversely, 20% - 20/100 = 1/5 = .2. 


Sample problem: 1. Find 32% of 64. 64 base. 

Solution: Expressing 32% as .32, we multiply and point off .32 rate. 

two decimal places in the answer, Just as we would in any 128 

other problem involving decimals. 192 _ 


20.48 


Sample problem: 2. 48 is what percent of 64? .75 or 75% 

Solution: hi the exercise above we found that base x rate = 64) 48.00 

percentage; so dividing the percentage by the base will _ 

give the rate. 448 


320 

320 
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ROOTS OF NUMBERS 


The roots of numbers. —A root of a number is one of the equal factors which when 
multiplied together give the number. If a certain number is used twice in order to pro¬ 
duce another number, then the number first mentioned is the square root of the second. 
Thus, 2 is the square root of 4, for 2x2 = 4. ff the first number must be used three 
times as a factor, it is the cube root of the second number. The cube root of 8 is 2, 
for 2 x 2 x 2 = 8; the cube root of 27 is 3, for 3x3x3 = 27. This also applies to any 
root, as the fourth, fifth, etc. 

The process of finding the root is termed extracting the root. The radical sign 
(V), when placed before a number, shows that some root of it is to be taken. The 
root is indicated by a small figure called the index placed above the radical sign; 
thus, ). When no index is written, the sqiare root is always understood. 

The following examples show the meaning of the sign and index: 

-^81 = 9, for 9 x 9 = 81. 

^/2? =3, for 3 x 3 x 3 = 27. 

• 3, for 3x3x3x3 = 81* 

^/32 = 2, for 2x2x2x2x2-32. 

In the above illustrations the required root may be rapidly determined by inspection, 
but in most cases this method can not be followed. When the root desired is the square 
root, the method illustrated below should be used. 

Examples: 1. Find the square root of 994,009. 

Process: 

997 

^99, 40, 09 
81 

9 x 20 = 180 1840 

/9 1701 

189 13909 

13909 

99 x 20 = 1980 
/7 
1987 

Explanation of process: Point off the number in periods of two figures, each 
starting at right, 99,40,09. 

Find the largest number whose square is contained in the first period, in this 
case 99, and write that number as the first figure of the root. In this case it is 9. 
Square that n umb er and subtract it from the first period as shown. The re m ainder is 
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18. Bring down the next period to the right of 18, in this case 40, and the new dividend 
is 1,840. Multiply the first figure of the root (9) by 20 = 180, and use this as a trial 
divisor for the new dividend (1,840). The quotient is the second figure of the root, in 
this case 9 again. Add this new root to the trial divisor (180 / 9 = 189) and use this as 
the final divisor. Multiply the second figure in the root by this divisor (9 x 189 s 
1,701) and subtract the product from the new dividend (1,840 - 1,701 * 139). Bring 
down the next period (09) and place it to the right of this remainder = 13,909. Again 
multiply the root by 20 (99 x 20 = 1,980) and use it as a trial divisor into the new divi¬ 
dend (13,809). The quotient is the next figure in the root. Add this to the trial divisor 
(1,980 / 7 = 1,987). Multiply this by the third figure in the root (1,987 x 7 - 13,909) 
and subtract it from the dividend (13,909 - 13,909 • 0). 

2. Find the square root of 185,761. 

Solutions First point off the number into periods of two figures each, commencing 
at the right hand of the number. Then find the largest number whose square is equal to 
or less than 18. This is found to be 4. Set down the square of 4 or 16 under 18 and 
place 4 as the first figure of the root. 

Subtract 16 from 18 and to the remainder annex the next period, obtaining 257 as 
the new dividend. The new divisor is twice the root already found with a cipher annexed, 
that is, 2 x 40 = 80. By trials, 80 is found to be contained three times in 257, so 3 is 
placed as the second figure of the root. Add 3 to 80 and multiply this sum 83 by 3. 

Place the product 249 under 257 and subtract. Annex to the remainder the last period, 


2 x 40 = 80 


2 x 430 - 860 
1 

861 


431 

18 57 61 
16 
257 
249 
861 
861 


obtaining 861 as the new dividend. The next divisor is twice 430, which equals 860. 
This is contained in 861 once. Place the 1 as the third figure of the root. Add 1 to 
860, making the complete divisor 861. As there is no remainder, the number 185,761 
is a perfect power and its square root is 43l. 


3. Find the square root of 18763.8910. 
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136.98 _ 

1 87 63 89 10 


23) 87 
69 

266)1863 

1596 

2729)26789 

24561 

27388)222810 

219104 


Solution: Point off the groups to the left and right of the decimal point, obtaining 
for the whole number the periods 1, 87, and 63, and for the decimal the periods 89 
and 10. The root must have three numerical places to the left of the decimal point to 
correspond to the three periods in the whole number. Hence, the final value of the 
root is 136.98. 

4. Find the square root of .001225. 

Solution: In finding the square root of a decimal like the above it is seen that the 
first period contains only zeros; consequently the first figure of the root will be 0. 
Begin by finding the square next smaller than 12 and proceed as in previous examples. 
Point off three places in the root. 


.035 


.00 12 25 

_9_ 

65)3 2 5 
3 2 5 


5. Find the square root of 3 to three decimal places. 

Solution: Add ciphers at the right of the decimal point and separate into periods 
as usual. 


1 .732 


3. .00 00 00 

1 _ 

27) 200 
189 

343)1100 

1029 

3462) 7100 

Rules: Point off the given number into periods of two figures, beginning at the 
decimal point. If the number contains a whole number and a decimal, point off periods 
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to the left of the decimal point for the whole number and to the right for the decimal, 
annexing a cipher to the last figure of the decimal if necessary. 

Find the greatest number whose square is contained in the left-hand group. This 
figure will be the first figure in the root. Subtract the square of this number from the 
left-hand period and annex the next period to the remainder to form the new dividend. 

After annoying a cipher to that part of the root already found and doubling the re¬ 
sult, place the quantity thus obtained on the left for a trial divisor. Ascertain how 
many times this divisor is contained in the new dividend and write the quotient as the 
next figure of the root. Add the number just placed in the root to the trial divisor, and 
multiply the completed divisor by the last figure in the root. Subtract this product 
from the dividend, and to the remainder annex the next period for the new dividend. 
Continue the operation until all the periods are used. 

To place the decimal point in the result, if the number is a decimal number, point 
off in the root as mapy figures from the left as there are periods from the left to the 
decimal point in the original number. If, after the root is found, there is a remainder, 
it should be dropped and a / sign placed after the root. 

SQUARE ROOT OF A FRACTION . 

When the square root of a common fraction is desired, first see if the numerator 
and denominator have perfect square roots. If so, write the root of the numerator over 
the root of the denominator; that is, extract the square root of the numerator and de¬ 
nominator separately. S the numerator and denominator are not perfect squares, re¬ 
duce the fraction to the decimal form and find the required root, as before, ff the 
quantity is a mixed quantity, change it to a decimal form before extracting the root. 
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CHAPTER E 


ELECTRICITY 

The modern world can rightly be called an ELECTRICAL WORLD because elec¬ 
tricity is the basis of much that produces our modern civilization. Yet, electricity, or 
more accurately, its effects, have been known from the earliest of times. Primitive 
man feared the effect of lightning and thought of it as a weapon of the gods. Even in our 
modern times there is a tendency to attribute to the supernatural that which can not be 
explained fully on the basis of human experience. This attitude, fortunately, is disap¬ 
pearing gradually as more and more laymen, technicians, and scientists receive the 
benefits of education and research. The word electric is taken from the Greek word 
meaning AMBER. The question "What is electricity" ? has been baffling the world's 
greatest scientists for many years. Although it is not known exactly what electricity is, 
by knowing what it does, it has been possible to develop theories that are productive, 
and laws explaining how electricity operates are becoming more widely known and bet¬ 
ter understood. 

It is not intended that this course qualify you as an x-ray repairman, but a good 
x-ray technician should know what makes his machine operate. A basic knowledge of 
electricity and the simple x-ray circuits is of paramount importance. Why is electri¬ 
city included in this course? To understand better the machines and techniques used 
in producing radiographs, a basic knowledge of electricity is essential. Due to the 
dangers involved in use of high voltages necessary to produce radiographs, an under¬ 
standing of basic x-ray circuits is necessary. 

Electricity covers the following topics: Fundamental concepts of electricity, bat¬ 
teries, simple electrical circuits, conductors and insulators, magnetism, inductance, 
capacitance, power, work, energy, transformers, rectifiers, electron tubes, and the 
wiring of basic x-ray circuits. 

Fundamental Concepts of Electricity 

The simplest part of a substance which still retains properties of that substance is 
a molecule. Molecules are made up of two or more similar or dissimilar smaller par¬ 
ticles called atoms. An atom is the simplest part of an element which is capable of 
existing individually or in combination with one or more atoms of the same or another 
element. 

Atoms are composed of extremely small (10" cm. diameter), dense (10 -10 gm/cc) 
nuclei, containing small particles known as protons and (except in the case of hydrogen) 
neutrons. One or more electrons spin around the nucleus in definite orbits. The num¬ 
ber of electrons in the neutral atom is equal to the number of protons. The mass of an 
electron is approximately 1/1830 that of a proton or neutron and therefore contributes 
little to the mass of the atom. 
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The electrons each carry one unit of basic electrical charge, 4.8 x 10esu, 
negative in sign. The proton carries one positive unit of charge equal to 4.8 x 10~ 10 
esu. A neutron has approximately the same mass as a proton, but as its name im¬ 
plies, carries no electrical charge. A charged atom, or ion, is formed by addition to 
or a removal of electrons from the neutral atom. Positive ions result from the removal 
of electrons; negative ions result from the addition of electrons. 

Electrical current represents a "flow" of electrons from a region of excess nega¬ 
tive charge (the cathode) to a region of excess positive charge (the anode). The flow of 
electrons through a medium will depend on the degree of binding of orbital electrons to 
the atoms of the medium. Where electrons are tightly bound there will be resistance to 
transfer of electrons from atom to atom. Materials exhibiting this property are known 
as insulators. Where the electrons are loosely bound and there is little hindrance to 
the removal of electrons the medium is said to be a conductor. The removal and trans¬ 
fer of electrons cannot be done without the expenditure of energy, and this energy gen¬ 
erally shows up in the form of increased temperature of the conducting medium. 
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Conductors 


Materials that permit the motion of a large number of free electrons. A charac¬ 
teristic of a good conductor is low opposition or low resistance to the electron flow. 
Some of the best conductors, in accordance with their respective abilities to conduct 
the flow of electrons, are as follows: 

Silver , best where high conductivity is required. Cost limits the use to experi¬ 
mental equipment and research work. 

Copper , more expensive than aluminum but has a higher conductivity, ft is more 
ductile (can be drawn out), has a relatively high tensile strength, and can be easily 
soldered. 

Aluminum , has only 60 per cent of the conductivity of copper, used almost exten¬ 
sively for high voltage transmission lines. Lightness of weight makes possible long 
spans. Large diameter for a given conductivity reduces corona loss (discharge from 
a conductor when it has a high potential). 

Brass , zinc , and iron are used as conductors for special circuits and equipment. 

Two principle types of conductors are wire, either solid or stranded; and cable 
also solid or stranded. The size of wire and cable is determined according to the 
American Wire Gage (AWG). 

Insulators 


Insulators are made of materials that contain atoms in which the electrons are 
tightly bound and therefore are poor conductors. Materials most commonly used for 
insulators are: dry air, glass, mica, rubber, asbestos, cloth, plastics, and non 
metalic paints or varnishes. Also combinations of the previously named materials 
may be used. 

Clean, dry insulation having cracks or other faults, when tested, may show a 
high test value of insulation, but would not be suitable for use because of low dielec¬ 
tric constant. Dielectric constant is the ability of an insulator to withstand potential 
differences. Maximum dielectric strength can be measured by checking the Insulator 
under power. The dielectric strength of an insulator is a very important factor for the 
insulation on the high tension cables of an x-ray machine. 

Charged Bodies 

Rules for charged bodies are: like charges repel, unlike charges attract each 
other; charged bodies have either more or less than the normal number of electrons; 
a positively charged body is one on which some of the electrons have been removed 
and there is a deficiency of electrons. 
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Diagram on Attraction 

An electric field is the space between and around charged bodies in which their 
influence is felt. No mechanical link is required. Lines of force are lines which are 
used to represent the direction and intensity of the electric field of force. Direction of 
the field is indicated in a schematic drawing by arrowheads. Intensity of the electric 
field is indicated by the number of lines shown in the drawing. 

Electric Current 


Electric current is a flow of electrons. A circuit is the path of an electron from a 
source of electrons to a point of electron deficit, e.g., a complete circuit is one that 
might consist of a useful device (light bulb), usually a method of control (switch), path 
of flow (conductor), and a source of electrical energy (battery or generator). 

There are two theories for current flow. The conventional theory states that cur¬ 
rent flows from positive to negative, however, the theory widely used today states that 
current flows from negative to positive. In this course the theory of current flowing 
from negative to positive will be used in all applications. Current is measured in am¬ 
peres. The force that causes free electrons to move in a conductor in an electric cir¬ 
cuit is called potential difference in voltage, or electromotive force (EMF). This is 
comparable to the pressure in an air line or water pressure in a water main. When an 
object has a surplus of electrons, the surplus electrons tend to move away, because 
they repel each other. If a neutral object is connected to the object having surplus elec¬ 
trons, these electrons travel to the new object until a state of equilibrium is reached. 
When the two objects are completely balanced the flow of electrons ceases. In other 
words, surplus electrons will move between two objects as long as there is a difference 
in charge between them. 
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Electromotive force is the force resulting from a potential difference that will 
cause a current to flow. An electromotive force (EMF) is measured by a unit called 
the volt. As long as there is a potential difference between two objects, the EMF will 
cause current to flow, provided there is a path. When there is no longer any difference 
in potential, the EMF disappears, and the current stops. 

Resistance is that quality of an electric circuit that opposes the flow of current 
through it. Some of the factors that affect resistance are: the size of the conductor, 
length, diameter, the material of which the conductor is made, the load or device, and 
the temperature of the conductor. Resistance is measured in ohms. 

Definition of Volt, Ampere, and OHM 

Volt: If it takes exactly one joule of energy to transfer one coulomb from one point 
in a circuit to another, then the difference of potential between the two points is said to 
be one volt; or, the volt is the pressure that will force one ampere of current through 
a resistance of one ohm. 

Ampere : By international agreement "The steady current which deposits silver at 
the rate of 0.001118 gram per second, from a solution of nitrate of silver in water, is 
taken as a unit of current"; or, it has been computed that one ampere of current cor¬ 
responds to a flow of 6.25 x 101® electrons per second, that is, 6.25 billion billion 
electrons per second. 

OHM* Through international agreement the ohm is the resistance offered to an un¬ 
varying electric current by a column of mercury 106.3 centimeters long, weighing 
14.4521 grams and having a uniform cross sectional area at a temperature of 0° C. or 
32° F. The value of this unit is chosen to represent the resistance of a conductor that 
permits one ampere of current to flow through it when a pressure of one volt is applied 
to the ends of the conductor. The Greek letter Omega (fj) is used as the symbol for the 
Ohm. 

Voltaic Cells 


A voltaic cell is a device designed to convert chemical energy into electrical 
energy. When two dissimilar elements, such as carbon and zinc, are Immersed in a 
solution of sulfuric acid and water, the acid will react chemically with the zinc, and 
a potential difference will appear between the two elements. The two dissimilar ele¬ 
ments, carbon and zinc are called electrodes. Electrolyte is the name given the dilute 
sulfuric acid and water solution. The composition of the electrolyte will change with 
different types of cells. A primary cell is one that can not be recharged. The second¬ 
ary cell is a cell which can be restored to its original charge by recharging. 

In a voltaic cell, if a conductor is connected externally to the electrodes, electrons 
will flow due to the difference in potential, from the negative pole (zinc), through the 
external conductor to the positive pole (carbon). The voltage across the electrodes de¬ 
pends on the material of which they are made and the composition of the electrolyte. 
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The difference in potential between the carbon and the zinc electrodes in a dilute solu¬ 
tion of sulfuric acid and water is 1.5 volts. In most practical primary cells the voltage 
does not exceed 2 volts. 



CARBON 


Current in a primary cell depends upon the resistance of the entire circuit. The 
internal resistance depends upon the size of the electrodes, distance between the elec¬ 
trodes in the solution, and the resistance of the solution. The larger the electrodes 
and the closer they are together in the solution the lower will be the internal resistance 
and in turn, the more current the cell will be capable of supplying. 

In a primary cell, when chemical energy is changed into electrical energy a dis¬ 
charge action takes place. As current flows, an ion of zinc combines with the sulfate 
ion to form zinc sulfate. Hydrogen is released in the process, the zinc sulfate is in 
solution and the hydrogen appears as gas bubbles around the carbon electrode. As cur¬ 
rent continues to flow the zinc is gradually consumed and the concentration of zinc sul¬ 
fate increases. The carbon electrode acts as a return path for the current. Due to this 
chemical change or action, the zinc has a surplus of electrons which repel each other. 
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If a path is connected between the zinc and the carbon, these surplus electrons will 
flow across it. This is the electric circuit between the electrodes of the cell. Current 
flow is from the negative terminal, to the positive terminal. 

There are two types of primary cells. One, the wet cell, is not used any more ex¬ 
cept in experimental applications. The dry cell is used almost exclusively to avoid the 
spilling of electrolyte. The dry cell (also called the LeClanche cell) is not actually a 
dry cell. The electrolyte is made in the form of a paste and the cell is sealed to pre¬ 
vent the water from leaking out. The container for this cell is usually made of zinc and 
serves as the negative electrode. A layer of blotting paper is used to line the inside of 
this container. Located in the center of the cell is a carbon rod surrounded by the elec¬ 
trolyte paste, the carbon acting as the positive electrode. The electrolyte paste is 
made of ground carbon, manganese dioxide, sal ammoniac (ammonium chloride), and 
zinc chloride. Distilled water is used as a moistening agent to form the paste. Each 
chemical in the electrolyte paste has a definite action. The ground carbon decreases 
the internal resistance, sal ammoniac is used as the electrolyte. The zinc chloride re¬ 
duces local action, and the manganese dioxide acts as a depolarizing agent. 

Voltage of the cell depends entirely upon the material that is used to make the elec¬ 
trodes. Amperage of the cell is dependent on the size of the electrodes, the distance 
between them, and the amount of electrolyte in the cell. Amperage will increase as the 
electrodes are increased in size; when the distance between the electrodes is decreased; 
and also when the amount of electrolyte is increased. Anything that will decrease the 
internal resistance of a cell increases the amperage. 

Cells are connected together to increase the amperage, voltage, or both. A batter)' 
is a combination of two or more cells connected in series or parallel. When cells are 
connected in series, that is the positive terminal of one cell connected to the negative 
terminal of another cell, the total voltage is equal to the sum of voltages of the indivi¬ 
dual cells. The current output of cells of the same value, connected in series will not 
increase, but is equal to the output of one cell. When cells are connected in parallel 
the positive terminals of each cell are connected together and all the negative terminals 
are connected to each other. The voltage output of a group of cells of equal value con¬ 
nected in parallel, is equal to the voltage of one cell. Current output of a group of 
parallel cells is equal to the sum of currents of each individual cell. 

Storage Battery 

There are two principal types of storage batteries. One is the lead acid cell, the 
other is the Edison cell. The lead acid cell has electrodes made of lead alloys and an 
electrolyte of sulfuric acid. Edison cells are constructed of nickel, iron or cadmium 
electrodes and use an electrolyte made of potassium hydroxide. The Edison cell is 
used in very few applications as the cell does not have a satisfactory output when used 
below freezing temperatures. Both the lead acid and the Edison cells are secondary 
cells and are capable of being recharged. 
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When a secondary cell such as the lead acid cell is discharging there is a definite 
chemical action. The sponge lead (negative electrode) decreases, lead sulfate increas¬ 
es; lead peroxide (positive electrode) decreases. Lead sulfate increases; sulfuric acid 
in the electrolyte decreases. To recharge the lead acid cell it is connected to a direct 
current source slightly higher in EMF than that of the cell, with the current flow in the 
opposite direction. During the recharging cycle the chemical action which occured 
during discharge is reversed. Lead acid cells are usually connected in series. Each 
cell consists of two sets of electrodes (often called plates). Lead peroxide is used for 
the positive electrodes and pure sponge lead is used for the negative electrodes. In 
each cell the two outside electrodes are always negative, hence there will always be 
one more negative electrode in each cell than positive electrodes. The electrodes are 
large, and very close together to decrease the internal resistance in the cell. Each 
electrode is separated by a thin strip of wood, rubber or plastic called a separator. 
These separators have grooves in them to permit the electrolyte to reach the elec¬ 
trodes. 


POST 



CUTAWAY VIEW 


Diagram of a Lead Acid Battery 


The lead acid cell is assembled with a positive and negative terminal projecting 
through the cell cover, Also on top of the cell cover is a hole fitted with a filler cap 
to permit testing of the electrolyte and adding distilled water when necessary. This 
filler cap has a small vent hole in it, to allow the gas that forms during charge, to 
escape. The case of a storage battery is not made of metal because of the chemical 
action that would occur between the metal and the acid electrolyte. The cells of a 
multi-cell battery are connected in series by means of lead alloy connections attached 
to the terminals projecting through the top of each cell. Each cell is sealed in the case 
at the cell covers by an acid proof battery sealing compound. Storage batteries (sec- 
onday cells) are tested by using a hydrometer. This tells how much of the sulfuric 
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acid has been diluted fay water. The specific gravity Is related directly to the sulfur- j 
ic acid content of the electrolyte. Specific gravity of the electrolyte in a completely £ 

charged cell will read 1.275. The specific gravity reading of a cell In a discharged Y 

condition will be 1.150 or less. The care of a storage battery mainly consists of 
maintaining the electrolyte at the proper level, by adding distilled water when nec¬ 
essary and not allowing it to remain in a discharged state for long periods of time. 

Electric Circuits 

The simple complete electric circuit consists of a path, device, usually a method 
of control, and a source of electrical energy. The device may be a resistor or light 
bulb with a method of control such as a switch to turn the device off or on. The path is 
any conductor, and a source of electrical energy from a two terminal generating de¬ 
vice, that is, a source having two terminals, one positive and one negative. 

To understand the functions of the electric circuit, it will be necessaxy to use 
some electrical terms and symbols, e.g., the volt (E), ampere (1), ohm (R) and 
watt (P). It is important to know the relationship between E, I, and R. Ohm's law 
states that the intensity of the current, in amperes, in any conductor, is equal to the 
difference in potential, in volts, across the conductor, divided by the resistance, In 
ohms, of the conductor. It may be expressed as follows: I (amperes) = E (volts) 
divided by R (resistance). 

For example: What current flows through a circuit with a resistance of 30 ohms 
when the potential difference across the circuit is 6 volts? 

Answer: I : - i 1= — ,.I = .2 amperes 

R 30 

Power and Energy 

Energy is the capacity to do work. Power is the time rate at which work is done. 
This may be expressed in the form of an equation: P = W/t, where P equals power in 
Watts; W equals work in Joules; and t equals time in seconds. The unit of power is 
Watt, equivalent to 10? Ergs or one Joule per second. One thousand Watts is called 
a Kilowatt. The product of power and time, (Pt), is commonly stated in kilowatt hours. 
The rate of production of energy in a circuit is given by P = — = El, where P is in 
Watts; if E is in Volts; and I is in Amperes. * 

Series Circuit 


A series circuit is a circuit in which the resistance or other electrical devices 
are so arranged that the current flow has only one possible path. 
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Diagram of a Series Circuit 

The total resistance in a series circuit is equal to the sum of all the individual re¬ 
sistances. Rp (Total resistance) = Rp / R 2 / R 3 . In a series circuit the same 
amount of current flows in each part, or device, in the circuit. Ip (total current) = 

1} or % or I 3 . The applied voltage in a series circuit is equal to the sum of the indi¬ 
vidual potential differences across each device in the circuit. Ep = Ep / E 2 / E 3 

Parallel Circuits 

This is a circuit In which the current flows simultaneously through alternate paths. 




Diagram of a Parallel Circuit 

In a parallel circuit the same voltage is across each resistor or device. Ep = Ep 
or E 2 or ®* 3 * The total current in a parallel circuit is equal to the sum of the currents 
flowing in the individual branches. Ip = Ip / I 2 / I 3 . The total resistance, of a par¬ 
allel circuit, is equal to the applied voltage divided by the total current. Rp = E T 

~Ip. 

When the current flow is unknown there are several factors that are used to find the total 
current ip. The combined resistance of equal resistors, connected in parallel, is 
equal to one resistor, divided by the number of resistors in the circuit. This may be 
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expressed by the following equation: R T = R 1 or R 2 or R 3 . The total resistance of 

No. of resistors 

two resistors of unequal resistance connected in parallel, is equal to their product 
divided by their sum. This may be expressed by the following equation: 



R 1 x R 2 
R 1 / r 2 * 


When determining resistance of two or more unequal resistances 


connected in parallel, the reciprocal method is 
equation. R. = :-^- - 

t ±./JL /-L 

R 1 r 2 R 3 


used. As shown by the following 


Compound Circuits 

Compound circuits contain resistors or devices that are connected in series and 
parallel. Frequently the technician will encounter combinations of series and parallel 
arrangements. He will need to know these combinations. Then, by the application of 
Ohm’s law, and the power formulas, circuit problems may be solved. " 


(Eob) 

AAA/WV 

Rl 

2 -A. 


20 

VOLTS 


\AAAAr 

R2 

3/V 

(Ebc) 

m- 

R3 

6j\ 


Diagram of a Compound Circuit 

The above is a compound circuit. Ohm’s law will still be used in finding values, 
but more formulas must be added. To find the total resistance R t , if the total current 
^ and the source E t are known, our problem would be as follows: 

JC 

R2 and Rg = £ 3 # The first step is to find the total resistance of the parallel 

R 2 ^ R 3 

branch as above. Now, find the total resistance for the series circuit obtaining the 
sum of Rg and R^ in the above equation plus R^. 

R * r 2 3 / R.. Total current I when R. and E. are known may be found by 

2 r 3 using the following formula: I. = t 

R t 
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Finding the voltage drop across the resistors, if the current through the resistors is 
known, and the resistance in ohms is known, is as follows: 


! ab z It x Rj, E b<; z Ij x R 2 3j E t = E ab / E 


be* 


Kirchoff’s voltage law states that "the sum of the voltage drops around a closed 
circuit is equal to the source voltage." If the voltage drop E^ across R 2 and Rg Is 
known, the current through the individual branches may be determined. 



Kirchoff’s current law states: "The sum of the currents 


flowing in the individual parallel branches is equal to the total current, 1^." 


*t = *2 ^ *3' 


In the next diagram, R^ is in parallel with the series combination of Rg and Rg. 
The total resistance, R^., is determined in two steps. First, the sum of the resistance 
of Rg and Rg is determined. Rg 3 - ^2 ^ ®3* 


20 

VOLTS 



Eob 


Ebc 


Diagram of a Compound Circuit 


Next, the total resistance is the result of combining R 2 3 in parallel with R^. 
This may be expressed in the following equation. 


r 9 Ri 

Rt r _ zi*. L. . If the total resistance, R™, and the source voltage, E_, are 

B2.3/B! E T 

known, the total current, Lp, may be determined by Ohm’s law: 1^, - —— . A portion 

Rrp 


of the total current flows through the series combination or R 2 and Rg, and the remain¬ 
der flows through R^. Because current varies inversely with the resistance, two 
thirds of the total current flows through Rj and one third through the the series com¬ 
bination of Rg and Rg. Since R^ is one-half of Rg and Rg, j _ Ej j _ E^, 

R 1 R 2,3 

Again, quoting Klrchoff’s current law, "The sum of the individual branch currents is 
equal to the total current. Ip = + I 2, 3 * 
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Compound circuits may be made up of a number of resistors arranged in numer 
ous series and parallel combinations. In more complicated circuits, special rules, 
and formulas are used. These are based on Ohm's law and provide faster solutions 
for particular applications. Series formulas are applied to the series parts of the 
circuit, and parallel formulas are applied to the parallel parts. 



R6 R5 

12 xl 10 xl 


Diagram of a Compound Circuit 



R6, 12/v 


Diagram of a Compound Circuit 

Now since R fl is parallel to Rg, they both receive the same voltage. The combined 
resistance of R s is in parallel with R„. R , 2 : Ra x R 2 The total resistance is 

R b + r 2 

determined by combining resistors Rj and R g with R g 2 » R T = R-^ / R 2 / R g g. 



R6. 12 Sl 

Diagram of Series Circuit 
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Having found the total resistance, Ohm f s law may be used to determine the cur¬ 
rent flow In the circuit, If we know the voltage applied and dropped, on each resistor. 



BASIC EQUATIONS FOR USING VOLT, AMPERE, 
OHM, AND WATT. 


Diagram of Basic Equations 
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ELECTRICAL SYMBOLS 


-—'I— 1 

Battery or Direct (DC) Current 

_ / _ 

Single Pole Single Throw Switch 

_ / _ 

Single Pole Double Throw Switch 

- 4 - 

Double Pole Single Throw Switch 

=f= 

Double Pole Double Throw Switch 

- r \j - 

Conductor with Fuse 



Milliammeter 


—<s>— 

Alternating Current Generator (AC) 



Direct Current Generator (DC) 


-+- 

Connected Conductor 

- \ - 

Crossed Conductor 

—HP— 

Capacitor 

Variable Capacitor 



Alternating Current (AC) 



Pulsating Direct Current (DC) 
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ELECTRICAL SYMBOLS 


—<Tn5iflnnp— 

Fixed Induction Coil 

— npsyfar 


W '— 


Variable Induction Coil 


t:—vJlQilililJL/ 

Induction Coil with Soft Iron Core 

Choke Coil 



—VNAAAA/— 

Resistance 



or 


Variable 
^Resistance 


—VsAAA/V— 


j 


iVVVVVVi 

imtta> 


Copper Oxide Rectifier 
with Shunt Resistance 


3 V 


X-Ray 

Tube 


or 


y 




Valve 

Tube 



' Transformer 


Digitized by 


Google 


Original from 

UNIVERSITY OF MICHIGAN 




Magnetism and Magnetic Circuits 


Before considering the theory of magnetism, or the principle of magnetic circuits, 
it is important to visualize the wide and varied uses made of the property called mag¬ 
netism. A magnet is an essential part of the instruments used by navigators and sur¬ 
veyors, and it is the heart of most electrical motors and generators. We are especial¬ 
ly interested in magnetism because all meters on every x-ray machine operate on the 
principle of magnetism. Practically all electrical equipment employs the property of 
magnetism either within itself or in the source of power. The technician who uses elec¬ 
trical equipment should have an understanding of the basic principles of magnetism. 

Magnetism is a property by which certain metallic substances attract or repel 
others from a distance. Examples of some magnetic materials are: iron, steel, 
nickel, and cobalt. There are several types of magnets. Natural magnets are found in 
their natural state in the form of a mineral rock called magnetite. Permanent magnets 
which are bars of hardened steel, or steel alloy called alnico. Electromagnets are 
made of soft iron cores on which is wound, coils of insulated wire. When an electric 
current flows through the coil the soft iron becomes magnetized, but most of this mag¬ 
netism is lost when the current ceases to flow. Some permanent and all electromag¬ 
nets are called artificial magnets. All magnets have two poles, the north and south 
pole. 



Diagram of Magnet 

Artificial magnets are classified as permanent or temporary, depending upon 
their ability to retain their magnetic strength after the magnetizing forces have been 
removed. Permanent magnets are made of hardened steel and certain alloys which are 
relatively difficult to magnetize due to their permeability. Once magnetized, however, 
these materials retain a large portion of their magnetic effect and are called perma¬ 
nent magnets. 

Temporary magnets are substances such as soft iron, that are relatively easy to 
magnetize, due to their high permeability. Such materials retain only a small part of 
their magnetism after the magnetizing forces have been removed, therefore they are 
called temporary magnets. The magnetism that remains in a temporary magnet after 
the magnetizing forces have been removed is called residual magnetism. 

Each molecule of a magnet is "itself" a tiny magnet. The molecular magnets that 
make up an unmagnetized bar of iron or steel are arranged at random. 
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Diagram of Unmagnetized Bar of Iron or Steel 

The magnetism of each molecule is neutralized by that of adjacent molecules and 
there is no external magnetic effect. When a magnetizing force is applied to an un¬ 
magnetized iron bar, the molecules become aligned so that the north pole points in 
one direction and the south pole in the opposite direction. 



Diagram of Magnetized Bar of Iron or Steel 

If a bar magnet is broken into several parts, each part becomes a complete mag¬ 
net with a north and south pole. 

The space surrounding a magnet in which the magnetic force acts, is called a 
magnetic field. The unseen line along which a compass needle aligns itself is called 
a magnetic line of force. 
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Diagram of Bar Magnet with Compass Needle 

The field is symmetrical unless disturbed by another magnet. The lines of force 
have direction and are represented as emanating from the north pole entering the south 
pole. The greatest field intensity occurs near the pole surface and diminishes with in¬ 
creased distance from the poles. If a magnetized needle is suspended near a bar mag¬ 
net it will be seen that a north pole repels a north pole and a south pole repels a south 
pole. Opposite poles, however, will attract each other. The first two laws of magnetic 
attraction are: Like poles repel each other and unlike poles attract each other. 



REPULSION REPULSION ATTRACTION 


Diagram of Magnet with Needle 
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The flux patterns between adjacent unlike and like poles are shown below. 



i ' ^ * 

REPULSION ATTRACTION 


Diagram of Attraction and Repulsion 

Another law of magnetic attraction and repulsion states that "The force of attraction 
ox* repulsion exisiting between two magnetic poles decreases rapidly as the poles are 
separated". 

If a compass is placed in the vicinity of a current carrying conductor the needle 
aligns itself at right angles to the conductor, indicating the presence of a magnetic 
field. If a conductor is formed into a coil most of the lines of force thread the entire 
coil and return on the outside of the coil to the other end. Because the magnetic lines 
cannot pass readily between the loops they continue through the entire length of the coil. 
This reaction produces a field that is similar to the field around a bar magnet. The 
end from which the lines emerge is the north pole, the other end is the south pole. The 
relation between the direction of current and the direction of magnetic flux may be de¬ 
termined by means of the left hand rule for a coil. 

"Left hand rule for a coil": Grasp the coil in the left hand with the fingers pointing 
in the direction of the current flow in the coil. The thumb extended longitudinally along 
the coil will point in the direction of the flux and the north pole of the coil. 

The field strength of a coil can be increased by increasing the number of turns on 
the coil or by increasing the current flow, or by increasing both the number of turns 
and the current. The flux may be increased by using a core material that will permit 
the flux to pass through more easily. 
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Diagram of Magnetic Field Around a Coil 

There is no known insulation for magnetic flux. If a non magnetic material is 
placed in a magnetic field there is no appreciable change in flux, that is, the flux pene¬ 
trates the non magnetic material. For example, a glass plate placed between the poles 
of a horseshoe magnet, will have no effect on the field, although the glass itself is a 
good insulator in an electric circuit. If a magnetic material, such as soft Iron, is 
placed in a magnetic field, the flux may be redirected to take advantage of the greater 
permeability of the magnetic material. 


yfi&vy. 

I 

V 


m 


k'%v: 

Xj v\\V 




.WV\\"X 

WhN 

.U| 

HI J* 

/'Win. 

V/J'/njyL 


X t 


SOFT IRON 


Diagram of a Magnetic Shield or Screen 
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Watches, meters, etc., may be effectively shielded (as shown in the above dia¬ 
gram) , from a magnetic field by placing the instrument in a soft iron case. 

An electromagnet is a temporary magnet made by passing an electric current 
through a coil of wire wound on an iron core. When the current stops, the electro¬ 
magnet loses all or nearly all of its magnetism. 



Solenoid with Iron Core 


Diagram of an Electromagnet 

A solenoid is a temporary magnet made by sending an electric current through a 
"tube-shaped" coil of wire. A solenoid has an iron core, sometimes the core is movable 
and Is called a plunger, as shown in the above diagram. 

Electromagnetism may be easily controlled by turning the current on or off or by 
varying the current. When the current stops flowing or decreases, the magnetic field 
around the coil disappears or becomes weaker. Electromagnets may also be made much 
stronger than a permanent magnet. The polarity of an electromagnet is determined by 
the left hand rule. Adding an iron core to a coil accomplishes two things; (1) the mag¬ 
netic flux is increased, (2) the flux is more highly concentrated. 

The permeability of soft iron is many times that of air. Iron has a low reluctance 
and a low retentivity; it is easily magnetized and loses its magnetism almost as easily. 
The cores of electromagnets are made in various shapes and sizes. The shape and size 
of an electromagnet and its core depends on the use for which the electromagnet is in¬ 
tended. 

In addition to the use of an iron core there are other ways to strengthen an electro¬ 
magnet. The magnetizing force or magnetomotive force, as it is also called, may be in¬ 
creased by increasing the current through the coil or by increasing the number of turns 
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in the coil. The number of turns in a coil affects its magnetizing force in much the 
same manner as putting permanent magnets together with like poles touching each 
other. This increases the strength of the magnetic field around them. The greater the 
number of magnets so arranged, the greater the magnetic effect. The field around a 
coil carrying a current is made up of all the lines of force (magnetic flux) around the 
entire length of wire concentrated in a small space. The lines of force join and form 
one large magnetic field. 

The strength of an electromagnet (and its field) depends on three things: (1) The 
material of the core (its permeability); (2) The amount of current flowing through the 
coil; and (3) The number of turns in the coil. 

Alternating Current 

Alternating current constantly changes in magnitude. From a zero value, alternat¬ 
ing current builds up to a maximum in a positive direction, then falling off to zero. It 
then builds up to a maximum in the opposite or negative direction, and again returns to 
zero. For this reason, alternating current is defined as a current which is constantly 
changing in magnitude (either building up or falling off), and periodically (at set inter¬ 
vals of time), changing direction. 

Although direct current was the first type of current to be widely used and the first 
whose characteristics were understood, it is limited in the number of applications to 
power machinery and to electronic circuits, and is used today only in special circum¬ 
stances. The characteristics of alternating current, on the other hand, were not clear¬ 
ly understood until toward the end of the last century, and therefore, its efficient use 
as a source of power is a more recent development. 



Diagram of Alternating Current Sine Wave 

Direct current cannot be transmitted over a long distance without considerable 
power loss. The total resistance of the wires from the point of origin to the point of 
use would consume most of the power before it reached its destination. 
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Diagram of Direct Current Sine Wave 

Alternating current power, in contrast may be sent across the country without ap¬ 
preciable loss at a low amperage and a high voltage. These voltages are transformed 
into suitable current and the desired voltage in the area of consumption. 

Accordingly, alternating current gradually became recognized as a more suitable 
and versatile source of power than direct current. This is particularly true since alter¬ 
nating current may be converted, with relative ease, to direct current. However, the 
conversion of direct current to alternating current, though possible, is often neither con¬ 
venient nor easy. This does not mean that direct current is outmoded or useless, as 
there are many applications for its use, for example, the automobile, with a storage 
battery as a source of power. 

Inductance 

Any change in the intensity or direction of a magnetic field causes an electromotive 
force in any conductor in the field. If the ends of a conductor are connected to a low- 
reading voltmeter, and the conductor is moved rapidly through a magnetic field, there 
is a momentary reading on the meter. Moving the conductor in a downward direction 
causes the meter needle to deflect in one direction, and, if moved in an upward direc¬ 
tion, the meter needle will deflect in the opposite direction. If the conductor is held 
stationary, and the magnet is moved so that the field cuts across the conductor, the 
meter will deflect in the same manner. 


47 


Digitized by Google 


Original from 

UNIVERSITY OF MICHIGAN 




CONDUCTOR MOVED 
DOWN 

A. 



B. 


Diagram of Magnet and Conductor Cutting Lines 


In the above diagram, voltage Is developed across terminals A - B of the conductor, 
by electromagnetic induction, and is known as induced EMF, and the current that flows, 
as a result of this induced EMF, is called an induced current. This Induced EMF exists 
only as long as relative motion occurs between the conductor and the field. The result 
is the same whether the field is stationary and the conductor is moved or vice-versa. 

The unit for measuring inductance is the henry symbolized by "L". The henry is a 
large unit of Inductance. When smaller units are desirable the mill! henry (equal to 
. 001 henry) or the micro henry (equal to .000001 henry) is used. 

The EMF induced depends directly on the number of magnetic lines of force cut by 
the wire of the coil in a given unit of time. Therefore, to Increase the EMF it is neces¬ 
sary to move the magnet faster, and/or Increase the number of lines of force present, 
by means of a stronger magnet. This may be stated as: The EMF induced in a moving 
conductor is proportional to the number of magnetic lines of flux that are cut fay the con¬ 
ductor per second". 

Self inductance is current in a conductor, that produces a magnetic field, surround¬ 
ing or Unking with the conductor. When the current changes, the magnetic field changes, 
and the EMF Induced in the conductor also changes. This EMF is called self induced 
because it is induced in the conductor carrying the current. It is refered to as "counter 
electromotive force (CEMF)". The direction of the induced CEMF has a definite relation 
to the inducing EMF. When the current in a circuit Increases, the flux linking with the 
circuit also increases. This flux cuts across the conductor and induces a CEMF in such 
a direction as to oppose the increase in current and flux. Likewise, when the current Is 
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decreasing, EMF is induced in the opposite direction and opposes the decrease in cur¬ 
rent. This summarized by Lenz's Law which states: "The induced EMF in any circuit 
is always in such a direction as to oppose the effect that produced it". 

Mutual Inductance occurs when two coils are so located that the flux from one coil 
links with the turns of the other coil. 


EXPANDING' FLUX 




SWITCH OPENED 


Diagrams A and B on Exp anding Flux 
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As seen in diagram A and B both coils have mutual inductance. The amount of 
mutual inductance depends on the position of the two coils. Coils separated by a con¬ 
siderable distance produce a low amount of mutual inductance. If the coils are close 
together, the mutual inductance is high. Mutual inductance can be greatly increased 
by mounting the coils on a common iron core. As shown in diagram A, Coil A is con¬ 
nected to a battery through a switch, and Coil B, is connected to a galvanometer. When 
the switch is closed the current that flows in Coil A sets up a magnetic field that links 
Coil B, causing an induced current and a momentary deflection of the galvanometer, (a 
device for detecting the presence of an EMF). When the current in Coil A reaches a 
steady value, the galvanometer returns to zero. 

If the switch is opened the galvanometer deflects momentarily in the opposite direc¬ 
tion, indicating a momentary flow of current in the opposite direction in Coil B. The 
flow of current in coil B is caused by the EMF induced and is produced by the collap¬ 
sing flux of Coil A. 

If two coils are so positioned so that all the flux of one coil cuts all the turns of the 
other, the coils have maximum mutual inductance. 

Series inductors, without magnetic coupling, are inductors that are well shielded, 
or, located far enough apart, to make the effects of mutual inductance negligible. The 
inductances of various inductors are added in the same manner that resistances in ser¬ 
ies are added. This is stated as = Lj / L 2 / Lg. (Series inductors, with magnetic 
coupling, are two inductors in series, and are so arranged that the field of one links 
the other. The total inductance is determined as L>j. = / Lg / Lg /or -M). The 

plus sign is used with M when the magnetomotive forces of the inductors are aiding 
each other. The minus sign is used with M when the magnetomotive forces of the induc¬ 
tors oppose each other. This factor accounts for the influence of magnetomotive forces 
affecting the total amount of inductance. Parallel inductors, without magnetic coupling, 
are calculated in the same manner that the total resistance of resistors in parallel are 
calculated, provided the mutual inductance between the two coils is zero. 
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Capac itance 


Capacitance is the inherent property of an electric circuit that opposes any change 
in voltage in the circuit. It is also defined as "the property of a circuit whereby energy 
maybe stored". It differs from inductance, which opposes a change in current, and 
from resistance which opposes the movement of electrons on an electric circuit. 

In their simplest form capacitors consist of two metal plates separated by an insu¬ 
lator. This insulator is called a dielectric. The charging of a capacitor is illustrated 
by the following diagrams. 




A 

UNCHARGED 



Diagram of Charging and Discharging 


A capacitor stores free electrons when a voltage is impressed between its plates. 
The capacitor consists of two flat metal plates, separated by air, which is the dielectric 
in this capacitor. With the switch in position one, electrons flow from the negative ter¬ 
minal of the battery into the left hand plate of the capacitor. At the same time electrons 
are drawn from the right hand plate into the positive terminal of the source, leaving the 
plate positively charged, because of the deficiency of electrons. This flow of current 
lasts for a very short time during which a voltage is developed between the plates of the 
capacitor. The voltage results from the surplus of free electrons on one plate and the 
deficiency of them on the other. The capacitor voltage opposes the battery voltage and 
is frequently referred to as the counter electromotive force of the capacitor. When the 
capacitor counter electromotive force reaches the same value as the battery voltage all 
electron flow stops because the circuit then contains two equal and opposite potentials. 
After a momentary surge of electrons, direct current is completely stopped by the 
capacitor. Free electrons do not pass from one plate to another through the dielectric 
because the dielectric is a nonconductor. The electrons are distributed on the negative 
plate and held there by the mutual attraction of the corresponding positive charges on 
the positive plate. 


The presence of the two polarities, plus and minus, establishes the electric field 
through the dielectric. The electric lines originate on the negatively charged plate and 
terminate on the positively charged plate. In other words, the lines are assumed to fol¬ 
low the same path that negative charges would take if they were free to move. The lines 
of force would be present even if the plates were enclosed in a perfect vacuum. Electric 
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lines of force cannot exist in a metallic conductor to any great extent, but require the 
presence of non conductors in order to establish a medium across which a relatively 
large potential may exist. 

Various materials differ in their ability to support electric flux or to serve as 
dielectric material for capacitors. Dielectric materials are insulators and are rated 
by their ability to support electric flux in terms of a figure, called the dielectric con¬ 
stant. The higher the value of dielectric constant (other factors being equal) the better 
the dielectric material. The following are a few of the most commonly used dielectric 
materials and their respective constants: Air 1.0, Polstyrene 2.5, Paraffin Paper 3.5, 
Mica 6.0, Flint Glass 9.9, Methyl Alcohol 35.0, Glycerin 56.2, Pure Water 81.0. 

Dry air is the standard dielectric for purpose of reference and is assigned the value of 
unity (one). The dielectric constant of a dielectric material is also defined as the ratio 
of the capacitance of a capacitor, having that particular material as the dielectric. 

A charged capacitor will retain its charge for an indefinite period, and one capable 
of storing a high potential difference is dangerous to handle unless discharged before 
doing so. Discharge of a capacitor takes place when the ends of a conductor are con¬ 
nected to each plate of the capacitor providing the charging EMF is removed, as shown 
in the diagram. Current flows in a direction opposite to that of the charging source. 
Such flow stops when a state of equilibrium of positive and negative charges on each 
plate of the capacitor is reached. 



CHARGED 

Diagram of Charging and Discharging Capacitor 

A capacitor will block the passage of DC (except momentarily while it is being 
charged) but a capacitor of proper capacitance will permit AC to flow unhindered. AC 
flows because the plates of the capacitor are constantly changing in polarity by the 
action of the alternating current. 

The capacitance of a capacitor is proportional to the quantity of charge that can be 
stored in it, for each Volt applied across its plates. Capacitance is measured in farads 
(f). Farad defined: A capacitor has a capacitance of 1 farad when a potential difference 
of 1 volt charges it with 1 coulomb of electricity. It is the capacitor which will give a 
pressure of 1 volt when a one ampere current flows into it for one second. A capacitor 
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with a value of 1 farad would be enormous in size, therefore, the practical unit of capa¬ 
citance are microfarads (uf) and micro-micro-farads (uuf). The factors affecting the 
value of capacitance are: (1) The area of the plates, (2) The distance between the 
plates, (3) The dielectric constant of the material between the plates. These factors 
are related to the capacitance of a parallel plate capacitor consisting of two plates. 
Capacitance increases when the plates are increased in area; decreases when the spac¬ 
ing of the plates is increased; and increases if the dielectric constant is increased. The 
dielectric constant (10 expresses the relative capacitance when materials, other than 
air, are used as the inaiilaHng material between the plates. For example, if mica is 
substituted for air as the dielectric, the capacitance increases because the dielectric 
constant of mica is 6 and that of air is 1. A capacitor composed of more than two par¬ 
allel plates has more capacitance than one capacitor composed of two parallel plates of 
the same plate area. The greater the plate area the greater the amount of capacitance, 
hi the diagram below the capacitor has 11 plates. The capacitance will be 10 times 
that of a two-plate capacitor having the same spacing, dielectric constant of the mater¬ 
ial used as an insulator, and having the same individual plate area. 



Diagram of 11 Plate Capacitor 

Capacitors may be divided into two groups, fixed and variable. The fixed capaci¬ 
tors, which have an approximately constant capacitance, may then be further divided 
according to the type of dielectric, into the following classes: Paper, oil, mica, elec¬ 
trolytic, and ceramic. 

When connecting electrolytic capacitors in a circuit the proper polarity must be ob¬ 
served. Paper capacitors may have one terminal marked ground Indicating the terminal 
connected to the outside foil of the capacitor. Polarity does not ordinarily have to be 
observed in connecting, oil, mica, and ceramic capacitors. The plates of the paper 
capacitors are strips of metal foil separated fay waxed paper. The capacitance of paper 
capacitors ranges from 200 micro-micro-farads to several micro-farads. The strips 
of foil and paper are rolled together to form a cylindrical cartridge, which is then 
sealed in wax to keep out moisture, and to prevent corrosion and leakage. Two metal 
leads are soldered to the plates, one extending from each end of the cylinder. The as¬ 
sembly is enclosed either in a cardboard cover or in a hard, molded plastic covering. 
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In circuits having voltages high enough to ’’breakdown" the dielectric of paper capa¬ 
citors, oil or oil impregnated paper may be used as the dielectric. 

The fixed mica capacitor is made of metal foil plates that are separated by sheets 
of mica, which form the dielectric. The whole assembly is covered in plastic which 
keeps out moisture. Mica is an excellent dielectric, and will withstand higher voltages 
than paper. Common values of mica capacitors range from approximately 50 micro- 
micro-farads to about .02 micro-farads. 

For capacitance greater than a few micro-farads, the plate areas of paper or mica 
capacitors must be very large; and, electrolytic capacitors are usually employed in¬ 
stead. These units provide large capacitance associated with small physical size. Their 
values range from 1 to 1,500 micro farads. Unlike the other types, electrolytic capa¬ 
citors are generally polarized, and should be subjected to direct voltages only. However, 
special types of electrolytic capacitor is made for use in alternating current motors. 
The electrolytic capacitor consists of two metal plates separated by an electrolyte. The 
electrolyte in contact with the negative terminal, either in paste or liquid form, com¬ 
prises the negative electrode. The dielectric is an exceedingly thin film of oxide deposi¬ 
ted on the positive electrode of the capacitor. The positive electrode is an aluminum 
sheet, and is folded so as to achieve maximum area. The oxide is deposited on the posi¬ 
tive plate during manufacture by passing a current through it. The close spacing of the 
negative and positive electrodes gives rise to the comparatively high capacitance value, 
but allows greater possibility of voltage breakdown and leakage of electrons from one 
electrode to another. Two kinds of electrolytic capacitors are in use, wet and dry. The 
electrolyte of the wet unit is a liquid and the container must be leak proof. This type 
should always be mounted in a vertical position. The electrolyte of the dry unit is a 
paste contained in a separator made of an absorbent material such as gauze or paper. 
The separator serves to hold the electrolyte in place and also prevents short circuiting 
the plates. Dry electrolytic capacitors are made in both cylindrical and rectangular 
block form and may be contained either within cardboard or metal covers. Since the 
electrolyte cannot spill, the dry capacitor may be mounted in any convenient position. 
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Transformers 


A transformer is a device used to increase or decrease the voltage of an alternat¬ 
ing current, by mutual induction, between its primary and secondary coil. A step up 
transformer has more turns in its secondary than in its primary coil. 

The induction coil, which has just been studied, is a kind of transformer or voltage 
changer. However, the term transformer is usually applied to a device that differs 
somewhat from an induction coil in construction and use. Like the induction coil, a 
transformer has a primary and secondary coil wound around a core made from an 
easily magnetized substance. The secondary coil of an induction coil always has many 
more turns than the primary. An induction coil is used to increase the voltage of the 
source of electrical energy. In a transformer, however, the secondary may have more 
or fewer turns than the primary depending on whether the voltage is to be increased or 
decreased. An induction coil has an open core and the ends of the core do not form a 
complete magnetic path. A transformer has a closed core, the core forming a com¬ 
plete magnetic path. Understanding how an induction coil works, makes it simple to 
understand how a transformer works, as both utilize mutual induction. 

The inherent characteristic possessed by an alternating current, that is, a contin¬ 
uous change in magnitude and cyclic change in polarity, makes it possible to transfer 
this current or power from one circuit to another by means of mutual induction. It is 
impossible to transfer pure direct current by induction as its value is unchanging. The 
effect of pulsating direct current on a conductor placed within the magnetic field is 
similar to the effect caused by alternating current. Pulsating direct current is used in 
many circuits where the employment of alternating current is impractical. Many cir¬ 
cuits employ both direct current and alternating current. A transformer will transfer 
pulsating direct current and alternating current, but will not transfer PURE DIRECT 
CURRENT. 

The component parts of a transformer are: (1) a core usually made of a steel alloy, 
which provides a low reluctance path for the magnetic flux, (2) a primary winding which 
consists of a number of turns of insulated wire. This winding receives the EMF from 
the supply source, (3) a secondary winding similar to the primary winding receives its 
EMF from the primary windings by induction, and delivers it to the secondary circuit. 
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The transformer is a relatively efficient apparatus and in many cases the trans¬ 
former losses can be neglected and the formula will be as follows* E p L = E g I s . 
Assume that a step down transformer with a turn ratio of 1 to 10 (note m speaking of 
transformer ratio the output is always first) has a primary voltage of 100 volts and a 
secondary load of 100 watts. Assuming the transformer losses are neglected, the sec¬ 
ondary voltage will be: 100 volts 10 turns = 10 volts in the secondaiy. 100 watts 
-j- 100 volts = 1 ampere of current in the primary. 

Transformers are not 100 per cent efficient. They will not transfer power from 
one circuit to another without power losses occuring. There is resistance in both pri¬ 
mary and secondary windings, and the current through these resistances produces heat. 
This heat represents a certain amount of power loss commonly called "copper loss." 

All the lines of force produced by the primary coil do not cut the windings of the sec¬ 
ondary coil. Therefore, some of the magnetic field of the primary is not used in induc¬ 
ing the EMF in the secondaiy, which represents another loss. The iron core, which is 
the metallic conductor in the magnetic field of the primary has voltage induced into it 
causing eddy currents to circulate within it. Eddy currents cause the core to heat result¬ 
ing in additional loss in the transformer. Eddy currents are caused by voltages which 
are induced in a body of metal whenever the metal is moved in a magnetic field or when 
the field in the metal changes. 

The power loss due to eddy current may be greatly reduced by laminating the 
metals in which they tend to flow. Laminating may be accomplished by constructing 
transformer cores in layers of thin strips of metal, approximately 0.01 to 0.03 inch in 
thickness and having each layer insulated by paint or enamel. A laminated core offers 
a much higher resistance to the flow of eddy currents than a core of solid construction. 
Most large bodies of metal are subject to considerable eddy current losses, unless they 
are laminated. 

Another loss occuring in transformers is that caused by hysteresis. Hysteresis is 
the term applied to the heat produced in the core of the transformer, caused by the 
rapidly changing polarity of the coils of the transformer. This changing polarity causes 
the re-arrangement of the molecules making up the substance of the core each time the 
polarity changes. Friction is produced and heat is the result of its production. The 
heat produced is power lost and must be counted as a part of the transformer losses. 
Certain materials (silicon steel) used for cores of transformers are subject to less 
hysteresis than others, thereby improving transformer efficiency. Transformer losses 
are minimized as follows: (1) resistance losses are reduced by using low resistance 
copper windings; (2) proper core design and size will reduce flux leakage to a minimum; 
(3) eddy currents are almost eliminated by using laminated cores; (4) hysteresis losses 
are reduced by the use of silicon steel or other alloys. 

All of the losses outlined above must be supplied by the primary source of power, 
consequently the power consumed by their presence will not be available to the secon¬ 
dary circuit. 
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As shown above, a transformer consists of a closed core upon which are placed 
the primary and secondary windings. These windings are generally wound one upon the 
other to obtain maximum inductance effect or coupling between the primary and secon¬ 
dary windings. The above diagram is a simple schematic diagram of a closed core 
transformer. Manufacturing specifications and designs incorporate many refinements 
into the simple transformer to increase its efficiency. The design of a transformer is 
largely dependent upon the use for which it is intended. 

The transformer may transfer power at the same voltage or at a higher or lower 
voltage, depending upon the relationship between the number of turns in the secondary 
and primary windings. The field strength of the primary windings depend chiefly upon 
the applied voltage and the number of turns on the primary windings. The EMF induced 
in the secondary depends upon the field strength of the primary windings and the number 
of turns in the secondary windings. These two principles indicate that the induced EMF 
in the secondary winding is dependent upon the voltage applied to the primary and the 
ratio of turns between the primary and secondary windings. A given voltage in one pri¬ 
mary turn causes a voltage of like value to be Induced into one turn of the secondary. 


PRIMARY 



SECONDARY 



Step-Up Transformer 


Digitized by Google 


57 


Original from 

UNIVERSITY OF MICHIGAN 




As shown in the above diagram, the primary has one volt applied to one turn, thus 
making one volt per turn. The secondary has four turns, therefore, with a ratio of one 
volt per turn, the secondary will contain four volts. This is classified as a step-up 
transformer with a ratio of 4 to 1. 


PRIMARY 



SECONDARY 


£>IV. 


Step-Down Transformer 


As shown in the above diagram, a step-down transformer having four turns in the 
primary winding with four volts applied, would have one volt per turn in the primary. 
The secondary winding has one turn, therefore the induced EMF will be one volt. This 
is classified as a step-down transformer with a ratio of 1 to 4. The following formula 
can be used to express the relationship between the number of turns on the primary and 
secondary windings and the primary and secondary voltages: 


_ N x E 

= _J?-E ; E_ primary voltage, N primary turns, E_ secondary 

NL P P B 


s 


voltage, and N secondary turns. 


A transformer does not generate power, it merely transfers power from one circuit 
to another. Any voltage change due to the transfer causes an inverse change in the val¬ 
ue of the transferred current. This relationship of the primary and secondary currents 
to the turn ratio, will be opposite to the relationship of the primary and secondary vol¬ 


tages to the turn ratio: 


Vl 


N 


Ig N_ 


£ or else _E_ 


's 


Ic 


Ip primary current, and Ig 
secondary current 


A transformer will increase the voltage at the expense of the current or it will in¬ 
crease the current at the expense of the voltage. 

The proper way of considering relation between turns and current is to state that 
the ampere turns in the primary equals the ampere turns of the secondary. L Np : 

Ig Ng. Because the transformer transfers, but does not generate power, it follows that 
power input to the primary of the transformer must equal the power output of the sec¬ 
ondary, plus the power loss in the transformer. This loss is called transformer loss. 
Power is essentially a function of voltage and current (E X I) Ep I = E fl I g transform¬ 
er loss. 
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Manufacturers take Into consideration the causes of transformer losses, and pro¬ 
duce transformers with 90 to 95 per cent efficiency. 



I L.V. WINDING 
H.V. WINDING 


H.V. WINDING \ 
L.V. WINDING 


Laminated Cores 


The above diagram shows various types of transformer cores and the lamination. 

Autotransformers are transformers with a single winding. They do not separate 
load circuit from the supply source. There is a direct metallic connection between 
primary and secondary. The entire winding may be used as a primary with a certain 
tion of the winding used to satisfy the voltage requirements of the secondary circuit. 
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Rectifiers : 

A rectifier is a device used for converting alternating current to direct current. 
This is accomplished by limiting or adjusting the direction of current flow. The chang¬ 
ing of the current from alternating current to direct current is the result of the physi¬ 
cal or chemical property of the device. A rectifier also prevents or limits the flow of 
current in the opposite direction. Rectification is used in x-ray machines. For ex¬ 
ample , the x-ray tube is sometimes used alone (self rectification) resulting in half 
wave rectification in portable units. 

Examples of rectifiers, their construction and use: The copper oxide rectifier 
ope rate a on the principle that when two unlike substances are in contact, and an alter¬ 
nating current voltage is applied across them, current will flow more easily in one 
direction than the other. A copper oxide rectifier element consists of a copper disk 
upon which has been formed a layer of copper oxide. This combination offers a low re¬ 
sistance to the current flowing from the copper oxide to the copper. There is a high 
resistance to current flowing from the copper to the copper oxide. Therefore, it 
allows current to pass in only one direction. Pressure plates are used to hold the 
assembly together and the pressure on the assembly should be between 500 and 2,000 
pounds per square inch. A lead plate is placed between the copper oxide and the pres¬ 
sure plate to obtain good contact. 
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Diagram of Copper Oxide Rectifier 


The resistance of the copper oxide rectifier increases about 25 per cent the first 
eight to ten weeks of use. This resistance is called aging. New rectifiers should not 
be overloaded because heat hastens and increases the aging effect. 

A copper oxide rectifier is not a perfect rectifier, but it will pass about 50 times 
more current during one half cycle than during the other half cycle. The simplest type 
of copper oxide rectifier is the half wave type. This rectifier operates only during one 
half of the cycle. This is the half cycle in which the direction of current flow passes 
through the oxide film toward the copper plate. Therefore, its output is a series of 
pulses. Copper oxide rectifiers may also be connected to produce full wave rectifica¬ 
tion. In addition, several units may be connected in parallel to build a rectifier of 
almost any capacity. This type of rectifier is widely used in conjunction with direct 
current meters. 

Another means of rectification is the vacuum tube. A simple vacuum tube consists 
of two separate conductors enclosed in a glass or metal envelope. These conductors are 
called the cathode and anode (plate). This type of tube is called a diode representing 
two elements. These elements are enclosed in a glass envelope from which practically 
all conducting material, including air has been removed. The cathode is made of a 
material that gives off electrons when heated. These electrons are negatively charged 
particles, ff the plate is positively charged, the electrons will flow from the cathode 
to the plate, provided the potential difference between the cathode and plate is great 
enough. 
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When a battery is connected to a vacuum tube with the negative terminal of the bat¬ 
tery to the cathode and the positive terminal of the battery to the plate, current will 
flow in the circuit. When the battery connections are reversed electrons from the 
cathode are attracted back to the cathode by the positive charge of the battery, and the 
cathode becomes positive, ft may be seen that the tube allows current to flow in one 
direction but not in the other. This directional current flow allows the vacuum tube to 
be used for rectifying alternating current. In the below diagram an alternating current 
supply is represented by a sine wave. 



AC Sine Wave 

The output of the rectifying tube as well as the copper oxide rectifier, is known as half 
wave rectification and its wave will appear as illustrated in the diagram below. 



DC Pulsating Half Wave 

It must be noted that the filament merely serves to heat the cathode, and the fila¬ 
ment circuit and rectified circuit may be separated. When alternating current is 
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Impressed across the vacuum tube, during the half cycle or alternation in which the 
plate is positive and the cathode is negative, current will flow from the cathode to the 
plate. During the next half cycle, when the polarity has been reversed, no current 
will flow. A full wave vacuum tube rectification circuit, is a circuit designed to pass 
current during a whole cycle. A simple circuit may be constructed as illustrated in 
the diagram below. 



The plate of one tube is always positive when the other is negative. Each tube passes 
current on every other alternation of alternating current. Regardless of which tube is 
operating, the current through the load is always in the same direction. A fully recti¬ 
fied source of current will appear as illustrated below. 



Another type of full wave rectification is the Wheatstone bridge as shown below. If 
an alternating current is induced in the secondary of the transformer the following takes 
place: At one instant of the sine wave the upper part of the transformer is negative and 
the bottom portion is positive. This will allow current to pass through tubes 2, 3, and 
4 back to the positive side of the transformer. On the other portion of the alternation, 
the polarity is reversed and now the top of the transformer is positive and the bottom is 
negative. This will allow current to flow through tubes 5, 3 and 1 and back to the posi¬ 
tive side of the transformer. Therefore, a pulsating direct current will appear across 
tube 3. Tubes 1,2,4 and 5 are known as "valve tubes," when this circuit is used in 
the secondary high tension of an x-ray machine. Tube 3 is known as an x-ray tube and 
it may also act as a rectifier. 
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Full Wave Rectification 


Very efficient rectifiers may be produced by putting small amounts of certain gases 
into an evacuated tube. The action within the tube is similar to that described for the 
vacuum tube rectifier. In this rectifier the electrons, upon leaving the jcathode, col¬ 
lide with the gas molecules and knock off particles. Such action on the gas is known 
as ionization. The movement of these additional electrons plus the electrons given off 
by the cathode, allows a current flow which is greater than that from the vacuum tube 
without the added gas. The mercury vapor rectifier uses a small amount of mercury, 
which is vaporized by heat, for the gas to be ionized. 

The action of the tungar rectifier operates on the same principle as the mercury 
vapor rectifier. Argon gas is used in the tube instead of mercury vapor. Both the 
mercury vapor and the tungar rectifiers are widely used. They may be connected to 
produce half wave or full wave rectification. 
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Meters 


The simplest kind of a meter is the galvanometer. The galvanometer is an instru¬ 
ment used to indicate the presence, magnitude, and direction of flow of an electric 
current. There are two types: the fixed coil and the moving coil. 

When a fixed coil galvanometer is connected to a direct current source, current 
will flow through the coil causing the meter needle to swing to one side. Reversing the 
current will cause the needle to be deflected to the opposite side, in either case, the 
amount of swing or deflection will be the same provided the amount of current flow 
through the coll remains the same. 



By using a galvanometer, the amount and direction of current flow may be deter¬ 
mined. When more current is added to the circuit, the needle swing becomes greater. 
Direction of current flow may be determined by applying the left hand rule for a coil. 
The moving coil galvanometer is preferred to the fixed coil type because the coil and 
needle in the latter must be properly aligned; and in circumstances where the needle 
might be deflected by masses of iron or steel the latter should not be used. A mag¬ 
netized bar, called a moving vane, may replace the needle. Meters of this type are 


> 
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called moving vane meters. A moving coil may be used to avoid the Inconveniences of 
a fixed coil. This meter utilizes a fixed permanent magnet, a moving coil, and is 
called a moving coil galvanometer. It is also known as a D'Arsonval galvanometer. 



Diagram of a Moving Coil Galvanometer 

The above diagram illustrates a coil suspended by a very fine wire so that the coil 
may readily turn between the poles of the horseshoe magnet. When the circuit is com¬ 
pleted, the coil becomes an electromagnet with poles that are attracted by unlike and 
repelled by like poles of the permanent magnet. Reversing the current causes the coll 
to turn to the opposite direction; and increasing the current causes a greater degree 
of rotation, hi a commercial galvanometer, the moving coil has an iron core to increaw 
the strength of the magnetic field. A pointer attached to the coil moves in either direc¬ 
tion and indicates the meter reading. The mid-point of the scale is marked zero, indica¬ 
tive of no current flow in either direction. From the mid-point of the scale divisions 
are marked off on each side. The scale to the right of zero indicates a flow of current 
in one direction, and the scale to the left indicates an opposite flow. 
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Direct Current Meters 


Galvanometers of both types are ordinarily used for direct current. They may be 
used to show the reversal of alternating current at very low frequencies. However, if 
a higher frequency of alternating current flows through the meter, the needle will not 
swing from side to side, but will flutter or vibrate near the zero mark. A galvanometer 
scale indicates no particular units. If a galvanometer needle points to the number two 
mark on the scale, it indicates that there is a current of twice the magnitude present as 
there would be if the needle pointed to the number one mark. 

Direct Current Ammeter 

This meter is an instrument used for measuring the rate of direct current in am¬ 
peres. It is always connected in series in a circuit. 



Diagram of a Direct Current Ammeter 


Digitized by Google 


67 


Original from 

UNIVERSITY OF MICHIGAN 

















































































Since the coll of the meter must be small to repond to small currents, it cannot 
carry large currents, therefore a method of bypassing most of the current around the 
coil, by means of a shunt is utilized. The shunt is a wire or metal strip of low resis¬ 
tance capable of carrying the bypassed current. The amount of current that flows through 
the coil is determined by the relative resistance of the shunt and coil. For example, if 
the resistance of the coil is equal to the resistance of the shunt, half of the current flows 
through the coil and the other half through the shunt. In many ammeters, the coil has a 
resistance from 99 to 999 times that of the shunt. This means that from 1/100 to 1/1000 
of the current flows through the coil, while from 99/100 to 999/1000 flows through the 
shunt. However, the needle moving across the scale of the ammeter indicates the total 
current flowing through both the coil and the shunt. Shunts of different values may be 
switched in or out of the meter circuit to increase or decrease the meter range. 

Direct Current Voltmeter 

The direct current voltmeter is an instrument used for measuring electromotive 
force. The ordinary voltmeter is a galvanometer, calibrated in volts, with a magnetic 
field supplied by a permanent magnet. Polarity must be observed when the meter is con- 




The voltmeter illustrated above appears to be much the same as an ammeter. The 
principal difference being that a voltmeter has a high resistance connected in series 
} with the coll, whereas an ammeter contains a shunt connected parallel to the coil. An¬ 
other difference between the instruments is that the voltmeter should always be connec¬ 
ted parallel to the circuit. Voltmeters have a high resistance to prevent disturbance 
(power loss) in the circuit being measured. Multi-range voltmeters utilize additional 
resistances that may be added or removed from the meter circuit. These resistors 
are called multipliers; a multiplier being a fixed resistor, whose resistance increases 
the range of the voltmeter. For example: if a 3-volt voltmeter has a resistance of 300 
ohms, a full scale deflection of this voltmeter is produced by a current of 0.01 amperes. 

3 volts _ o.Ol amperes. 

300 ohms 

If current of the same strength is to be established when the voltmeter is connected 
across 150 volts, then the combined resistance should be 15,000 ohms. 

TOlte = 15,000 ohms 
0.01 amperes 

Therefore, the multiplier alone should have a resistance of 14,700 ohms. 

15,000 - 300 = 14,700 ohms 

The current will be the same for full scale deflection when either meter scale is used. 
Whtx using a multiplier, the scale reading must be multiplied by the multiple of the 
multiplier to obtain the correct reading. The positive terminal of the meter must be 
connected to the positive portion of the circuit. It is very important that the voltmeter 
have a capacity for higher voltages than that being measured, to avoid damaging the 
meter by an overload. When using a multi-range meter, it is wise to begin with the 
highest scale, working down to the required range. 


Alternating Current Meters 

Direct current meters of the moving vane or moving coil type will not operate on 
alternating current if the magnetic field is supplied by a permanent magnet. Alternating 
current meters employ a moving coil or moving vane, however, they do not contain a 
permanent magnet. Many alternating current meters will also function on direct cur¬ 
rent, and will be labeled AC - DC Meters. Ammeters used on alternating current may 
be equipped with shunts to increase their range and AC . voltmeters may also be equipped 
with multipliers. When an alternating current voltmeter is connected in a circuit, the 
polarity makes no difference, because the polarity of alternating current is changing 
many times per second. If an alternating current meter is used for direct current 
measurements, its terminals can be connected without regard to the polarity of the 
circuit. 
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Ohmmeter 


As its name suggests, this meter is an instrument for measuring resistance in 
ohms. It contains a very sensitive galvanometer, calibrated in ohms; a battery {oneor 
more); and a variable resistor. The components are connected in series in a circuit 
containing two binding posts. The resistance to be measured is connected between the 
binding posts in series with the rest of the circuit. Before a resistor can be measured, 
a metal bar of very low resistance is placed between the binding posts or the test lead 
tips are touched together. The circuit is now closed and a current will flow. The var¬ 
iable resistor is adjusted until the meter needle stands at zero. This adjustment com¬ 
pensates for the aging of the battery. The short between the binding posts is removed 
and the unknown resistance is placed in the circuit. Current now flows through the cir¬ 
cuit, including the added unknown resistance, thereby causing the meter to read the 
unknown resistance insohms. 
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Electron Tubes and Operating Principles 


The development of the electron tube is responsible for such modern devices as 
radio, television, radar, etc. Many modern x-ray machines employ electron tubes in 
their control circuits. Therefore, a student of x-ray technology should have a "working 
knowledge" of the theory of electron tubes. 

The electron tube is made of a highly evacuated glass or metal shell which encloses 
at least two, or possible more, elements. The basic tube, a diode, containing two ele¬ 
ments, a cathode and plate. More complex tubes contain one or more additional elements 
called grids. Electron tubes are of many types and designations, with many important 
functions, some of which are: (1) converts currents and voltages from one wave form to 
another; (2) amplify (increase) weak voltages with a minimum of distortion; (3) generate 
frequencies much higher than any conventional alternating current generator. 

Types of Emissions 

There are in general three types of electron emissions: (1) thermionic, (2) photo¬ 
electric and (3) secondary emission. 

Thermionic emissions is the process by which electrons gain enough energy by 
means of heat to be released from the surface of the emitter. Thermionic emission is 
the type most frequently used in electron tubes. 

Photoelectric emission is an emission of electrons caused by actinic light striking 
the surface of certain materials. (More electrons are emitted as the wave length of the 
light is shortened, also, if the light intensity is increased more electrons will be emit¬ 
ted). Materials that are particularly sensitive to light (radiant energy) are: (1) zinc, 

(2) potassium and (3) alkali-metals. Two of the principal uses for photoelectric emis¬ 
sion are the "photoelectric cell" and the "Iconoscope." 

Emission of electrons from a body, caused by the impact of other electrons or par¬ 
ticles striking its surface at a high velocity is called "secondary emission." Secondary 
emission is undesirable and is not commonly used as a source of electrons in the elec¬ 
tron tube. Since it does occur, however, it must be controlled. 

Types of Emitters 

Substances that can be heated high enough to produce a satisfactory thermionic 
emission without melting are: (1) tungsten, (2) thoriated tungsten and (3) oxide coated 
emitters. 

Tungsten has a great durability as an emitter but requires a high operating tempera¬ 
ture for satisfactory emission, and consumes a great amount of power. Tungsten cath¬ 
odes are used in x-ray tubes and valve (rectifier) tubes. 
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A thoriated tungsten cathode has a thin layer of thorium on the surface of the tung¬ 
sten. Thoriated tungsten cathodes have a greater electron emission at a lower operat¬ 
ing temperature than a cathode of pure tungsten. 

Oxide coated emitters consist of metals, such as nickel, which are coated with a 
mixture of barium and strontium oxide, over which is formed a layer of metallic barium 
and strontium. This is the most efficient type of cathode. It requires less power, re¬ 
sulting in a longer life at a higher emission efficiency. The oxide coated emitter is 
used in almost all types of receiving tubes. 

Heating The Emitter 

Cathodes of electron tubes are either directly or indirectly heated. 

A directly heated emitter receives it heat energy by the passage of a current through 
the filament which serves as the cathode. Directly heated cathodes are generally em¬ 
ployed in portable equipment using batteries. 



A 

FILAMENT CATHODE 



OXIDE-COATED 
EMITTER SLEEVE 


HEATER FILAMENT 


B 

HEATER CATHODE 


Methods of Heating the Cathodes in Electron Tubes 


An indirectly heated cathode consists of a metal sleeve surrounding the filament but 
is electrically insulated from it. The sleeve serves as the cathode emitter and receives 
its heat by radiation. Indirectly heated cathodes require too much energy for heating 
purposes and are not used in equipment using batteries as the sole source of power. 


Physical Characteristics of Electron Tube Material 

The shell or envelope of an electron tube is constructed of glass or metal. The pfy' 
sical size of a tube is determined by the performance function of the tube and space in 
which the tube is to be used. 
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Evacuation of air from a tube Is required for two reasons: (1) to prevent destruc¬ 
tion of the cathode and heating elements fay oxidation and (2) to allow the flow of electrons 
from cathode to plate without colliding with the gas particles. 

The spacing of electrodes in a tube is dependent on many factors. The two most im¬ 
portant are: frequency utilization and interelectrode voltages. 

The anode (plate) is made of materials that will not emit electrons by thermionic 
emission at normal tube operating temperatures. Material used for anodes are (1) iron, 
(2) nickel, (3) carbon and (4) tantalum. The plate is mounted externally with respect to 
the cathode. It is electrically insulated from the cathode and usually surrounding it in 
order to receive all of the cathode field emission. The surface of the plate is usually 
dark to radiate the heat caused by the plate current. 

Electron Tube Types 

Diode : The simple two element tube contains one cathode and one plate. The plate 
collects electrons emitted from the cathode and provides a connection to the external 
circuit, as illustrated in the diagram below. 




Action of Diodes 
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The diagram below illustrates diode tubes, with directly and indirectly heated cathodes. 



DIRECTLY HEATED INDIRECTLY HEATED 


Cut-Away and Schematic View of 2-Element Tubes 

Diodes discussed in this section are of the high vacuum type. Other types of diodes 
were discussed in the rectification section. 

Triodes: The 3 element electron tube is similar in construction to the diode except 
that a control grid of fine wire screen is added between the cathode and plate. The addi¬ 
tion of the grid enables one to control the flow of current to the plate, hence its name. 
The grid may be made in the form of a spiral helix of circular or elliptical cross section, 
with the cathode at the center. The grid meshes are large enough to avoid blocking the 
flow of electrons from the cathode to the plate. However, when a negative potential is 
applied to the grid, electron flow to the plate will be reduced or stopped. By controlling 
the amount of negative potential applied to the grid, effective control of electron flow in 
the tube from the cathode to the plate is accomplished. 
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Schematic Diagram of a Triode 

Plate current in a diode tube depends upon the plate voltage and cathode tempera¬ 
ture. Plate current in a triode tube depends not only upon these factors but also upon 
the grid to cathode voltage. A small change in grid voltage causes a relatively large 
change in plate current. The effective grid control of plate current is caused fay its 
proximity to the cathode and its placement in a region of the heaviest space charge. 

The cloud of electrons between the cathode and plate of a vacuum tube is called "space 
charge." ft is most dense near the cathode. A small change in grid voltage will cause 
a variation in plate current that would require a much larger variation in plate voltage 
to produce the same results. Grid voltage is called "bias voltage." The amount of neg¬ 
ative grid voltage that will stop electron flow in the tube is called the "cut off bias" of 
the tube. See following diagram. 
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LOW BIAS 


Diagram of Bias Voltage 

In addition to diodes and triodes, tubes with more than one grid are used and are 
called tetrodes, pentodes and multigrid tubes. The additional grids serve to make the 
tube more useful for a particular application. The additional grids are called screen 
and supressor grids. A tube may have as many as six grids for control of tube action. 
See schematic diagrams below of various tubes and types. 
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Schematic Diagrams of Multiunit Tubes 
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X-Ray Circuits 


The remainder of the Basic Electricity portion of the manual will deal with the 
electrical circuits found in various types of x-ray units. Some of the problems en¬ 
countered by the manufacturer, in the design of a machine, will be explained. 

As has been explained in the section on rectifiers, the x-ray tube may, and Indeed 
does, act as a rectifying device as well as a "producer" of x-rays. However, there are 
certain limitations that must be observed when it serves a dual purpose. It becomes 
a more efficient device for the production of x-rays if the task of rectification is accom¬ 
plished by other components in the circuit. These components and their actions will be 
explained on the succeeding pages. 

The following schematic diagram of a simple self rectified x-ray circuit (one in 
which the x-ray tube acts as a rectifying device as well as the producer of x-rays) and 
the "sine wave" diagram showing current and voltage relationships in the secondary of 
the high voltage circuit, demonstrates the need for "suppression" of the inverse voltage 
by some means other than the x-ray tube. 
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SOLVING THE INVERSE PROBLEM 


The voltage and current relationships create a series of problems that call for 
modification of the basic circuits. In viewing the diagram below, you see that during 
the half-cycles when the x-ray tube does not allow current to pass, the voltage across 
it increases. The inverse voltage, as it is called, serves no useful purpose because 
no x-rays are produced when it is in effect. Nevertheless, the tube has to be designed 
to withstand it without "sparkover." Likewise, the tube housing, the transformer tank 
and the high tension cables must be provided with insulation that will stand an inverse 
voltage higher than that which actually produces x-rays. All this means extra cost and, 
usually, extra size. 

“INVERSE" 

"USEFUL" 

KV 


0 1/120 1/60 1/40 1/30 

TIME 




i 

\ 



One easy way to keep the inverse voltage from being too high is to use an "inverse 
suppressor" circuit. During the half-cycle when the current in the primary of the high 
tension transformer flows from A to B to C to D, diagram below, it passes through the 
selenium rectifier S without opposition. When this happens, the current in the second¬ 
ary of the high tension transformer flows from X to Y to Z to W to X. 
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On the next half-cycle, Diagram above, when the primary current flows from D to C 
to B to A, it cannot pass through the selenium rectifier S but must pass through the re¬ 
sistor R. When this happens, there is a voltage drop across the resistor and, as a result, 
the voltage on the primary of the high tension transformer is lower than the supply lines 
voltage. This, in turn, causes the voltage across the secondary of the high tension 
transformer to be lowered to the same value that it had during the conductive half-cycle. 

While the inverse suppressor is inexpensive, efficient and simple (it is in the low 
tension circuit and offers no insulation problems), it has some limitations that keep it 
from being used with all x-ray generators. These will be apparent when you see how 
the primary current goes up as the secondary current increases. Typical primary cur¬ 
rent required for operation at different secondary loads are shown below; 

Secondary MA Primary Amperes 

(at max. KV) 

15 15 

30 30 

100 80 

This means that the rectifier in the inverse suppressor must carry ever increasing 
amounts of current as you increase the secondary load. Since practical rectifiers of 
this type are limited to 25 amperes, it would be necessary to use several in parallel 
to handle the full load. 

Even more important is the fact that the difference between the useful and the in¬ 
verse voltages becomes higher and higher as you go up in secondary current. This 
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means that the resistor in the Inverse suppressor circuit must cause larger and larger 
voltage drops to hold the inverse voltages down to safe levels. 

The size of the resistors necessary and the amount of heat they would have to dis¬ 
sipate while doing the job makes the use of inverse suppressor circuits of this type 
impractical in x-ray generators of high capacity, hi practice, you seldom find them in 
machines of more than 25 capacity. 

Rectifiers in the High Tension Circuit 

The problem of taking care of the effects of inverse voltage can be solved in another 
way by using rectifying valves in the secondary circuit of the high tension transformer. 
Rectifying valves, or kenotrons, as they are sometimes called, are simple glass envel¬ 
opes, highly evacuated like the x-ray tube. They contain two elements: a tungsten wire 
filament, and a metal plate or anode in the form of either a cylinder of a flat disc. 

When you have heated the filament to incandescence so that it gives off electrons, those 
electrons can be made to flow to the anode, or plate, by applying a positive potential to 
the plate, much as is the case with the x-ray tube. 

There is, however, a very important difference between x-ray tubes and rectifying 
valves. The filament of the rectifying valve is quite large and is a copious source of 
electrons. Furthermore, the anode is fairly large and there is no attempt to focus the 
electrons on any one part of it. This means that there is no concentration of energy at 
a given point and that large quantities of electrons can be passed from the filament to 
the plate without producing excessive heating of the plate and without producing x-rays. 

The reason why x-rays are not produced is that the filament gives off so many 
electrons that more than enough are available to carry the current through the x-ray 
tube. This means that there is a relatively small voltage drop between the filament 
and the anode of the rectifying valve, something in the order of four to six kilovolts. 
This doesn't propel the electrons fast enough to cause them to generate appreciable 
quantities of x-rays when they strike the plate or anode. 

Single Valve Rectification 

You can use a single rectifying valve of this type in a circuit like that illustrated in 
the following diagram. This is known as the single valve, half-wave rectifier. You can 
see that the rectifying valve is placed in series with the x-ray tube and so connected 
that when the voltage phase of the high tension transformer is such as to cause electrons 
to flow from the filament to the anode of the x-ray tube, electrons will also flow from 
the filament to the anode of the rectifying valve. 

On the inverse half-cycle, when the potential on the anode of the x-ray tube is neg¬ 
ative, the potential on the filament of the rectifying valve is positive. Under these con¬ 
ditions, no current can flow. The inverse voltage built up between the ends of the high 
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RECTIFIER 




tension transformer secondary winding is as high as in the case of a self-rectified unit. 
However, in this circuit, the inverse voltage is divided between the x-ray tube and the 
rectifying valve, which are in series. This means that each of these tubes has to stand 
approximately one-half of the Inverse kilovoltage. 

While generators using the single valve rectification circuit were made many years 
ago and while some of them are still in use, this circuit is not commonly employed in 
machines made today. 

Two Valve Rectification 

If you wanted to go a step further in reducing the effect of the Inverse kilovoltage 
of the x-ray tube, you could put two rectifying valves in series with it, as illustrated 
in the following diagram. This is called the two valve half-wave circuit and, while 
less commonly used, is mentioned here to demonstrate the development of high vol¬ 
tage rectifier circuits. A rectifier circuit of this type will permit the flow of current in 
only one direction. This means that x-rays will be produced by the x-ray tube only on 
those half-cycles in which the voltage polarity is such that current can flow through both 
the rectifying valves and the x-ray tube. 
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TWO VALVE "HALF WAVE" RECTIFICATION 


Four Valve Rectification 


It is very easy to make use of both phases of the voltage cycle by using circuits 
as illustrated on the following page. Here we have added two rectifying valves to the 
two that we already had in the above diagram, and we have arranged them so that they 
too are in series with the x-ray tube. However, in this case they have been arranged 
so that during the half-cycle when current can NOT flow through valve 1 and 2, cur¬ 
rent CAN flow through valves 3 and 4. 

Analyzing this more closely, we see that on the first half-cycle, current will flow 
from A to B to C and to D (diagram "A"). On the next half-cycle, the current flow will 
be from A to D to B and to C. (As you know, points A and D in the circuit are alternate¬ 
ly plus and minus. 
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Analyzing this more closely, 
we see that on the first half-cycle, 
current will flow from A to B to C 
to D in Diagram "A". On the next 
half-cycle, the current now will 
be from D to B to C to A. (As you 
know, points A and D in the circuit 
are alternately plus and minus. 
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Diagram "A" 


The polarity of those points deter¬ 
mines whether the current flow in 
the secondary of the high tension 
transformer will be through valves 
1 and 2 (and the x-ray tube), or 
through valves 3 and 4 (and the 
x-ray tube). 

This four valve high tension 
rectifier circuit is known as a full 
wave rectifier, and it is commonly 
used in x-ray generators that are 
called upon to provide x-ray tube 
currents of 100 MA or more. 

Safety Factors in Generator Design 



Diagram "B" 


In modern x-ray generators, the rectifying valves are usually immersed in oil in 
the same tank with the high tension transformer to eliminate the dangers of having any 
part of the high tension circuit out in the open where someone might accidentally come 
in contact with it. 


The most important of these is that it reduces the amount of insulation that must 
be built into the transformer tank. If you connect the center tap of a 100 KV trans¬ 
former secondary to ground, one end of the transformer secondary will be 50 KV posi¬ 
tive with respect to ground, and the other end will be 50 KV negative with respect to 
ground. This means that the highest potential of any part of the circuit with respect to 
ground will be 50 KV. 

Furthermore, by connecting the center tap of the secondary to ground, you can 
run a lead from the center tap to the control of the x-ray generator for the purpose of 
connecting a milliammeter that will read directly the current that flows in the high 
tension circuit without being at a high potential with respect to ground itself. 
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KV SELECTION 


»» 
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While you could produce x-rays by connecting high voltage and filament trans¬ 
formers to an x-ray tube, it is obvious that a practical diagnostic x-ray machine must 
Include devices for and methods of selecting different values of kilovoltage, milliam- 
perage and exposure times, according to the kind of radiograph you want to make in 
any given instance. In this section we will talk about different methods of controlling 
kilovoltage. 


Variable Primary Resistance 

The simplest way to vary the kilovoltage output of the high tension transformer is 
to put a variable resistance in its primary. Adjusting this resistor changes the voltage 
drop across it and changes the amount of voltage "left over" to excite the primary of 
the high tension transformer, and, accordingly, determines the voltage put out by the. 
secondary. While this method is used in some cases, it has two drawbacks that keep it 
from being generally used. 


The first is that it requires large resistors that not only take up a lot of space in 
the control, but also give off a lot of heat. Secondly, using these resistors disturbs the 
■regulation of the system, because relatively small changes in secondary current (such 
a© may take place during exposure) are reflected by fairly large changes in voltage 
dj-op across the primary resistance. This, in turn, means large changes in kilovoltage 
across the secondaiy. Under such circumstances it is very difficult to get the uniform 
and consistent x-ray output needed for practical radiography. 

. Trapped High Tension Primary 

A much better way of varying the kilovoltage across the x-ray tube is to provide a 
Series of taps on the primary of the high tension transformer. By applying the nominal 
&20 volts of the supply line across more or less turns of the primary, you can vary the 
kilovoltage produced in the secondary, because you effectively change the ratio of turns 
in the primary to turns in the secondary. The circuit would look like the following 
Diagram. 
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This system is often used in portable and low-power units. It has the advantage of sim¬ 
plicity, but there are at least two points against it. 

1. Since you will want your kilovolt selector in the control, some distance away 
from the transformer, you will have to have a separate wire from each con¬ 
nection or ’tap" on the transformer to each contact point on the KV selector. 

If you had very many points of selection, you would wind up with an unmanage¬ 
able large bunch of wires. 

2. Putting taps in the primary winding of the high tension transformer makes it 
take up very much more space and require.a larger tank or container. 


Autotransformer Control of Voltage 

By far, the most commonly used and most efficient method of varying the kllovoltage 
output of the high tension transformer is the autotransformer control. 


If you make a transformer consisting of one continuous winding on a long lamin¬ 
ated iron core and then apply voltage across only one section of it, voltage will be In¬ 
duced in the turns that are not connected directly to the line in the same way as voltage 
is induced in the secondary of a conventional transformer. In fact, the section across 
which the line voltage is applied is called the primary, and the balance of the winding 
is called the secondary. 
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If you were to measure the voltage across various sections of a typical autotrans¬ 
former, you might find a situation as illustrated below. 



By providing the autotransformer with a series of taps or connections to the differ¬ 
ent turns, you would have a convenient method of getting a wide variety of voltages to 
apply to the primaxy of the high tension transformer. M the circuit shown above, you 
could get the following voltages by setting the selector switch S on the various taps: 

Tap#l 50 volts 

Tap #2 100 volts 

Tap #3 150 volts 

Tap #4 200 volts 

This circuit has a constant number of volts per turn. 

You can get effectively the same sort of results by connecting the line to a number 
of selected taps and leaving the output connected to a given pair of taps, as illustrated 
In the following Diagram. 
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AUTO-TRANSFORMER CIRCUIT (VARIABLE VOLTS PER TURN) 



In actual practice, auto transformers are usually provided with many taps in the 
primary as well as the secondary with the result that you have almost unlimited choice 
of voltage outputs. The autotransformer becomes, in this way, the basic source of all 
the supply voltages needed for operating the many components of a complete x-ray 
generator. 

Dual Kilovoltage Selectors 

A common method of using the autotransformer to supply any of a wide selection of 
voltages to the prim&xy of the high tension transformer and thus to vary the kilovoltage 
applied to the x-ray tube is to use dual selectors in a circuit as illustrated in the 
following Diagram. 
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Here you apply the line voltage to fixed taps on the primary and "pick off" voltages 
by adjustment of the selector switches that make connection with two sets of taps. The 
selector marked "Major" is connected to a series of taps between which there are rel¬ 
atively large differences in voltage. The selector marked "Minor" gives you small 
voltage changes. Usually there are ten steps on the Minor Selector that give you the 
same change in voltage as going from one step to the next on the Major Selector. With 
a combination of 10 Minor and 10 Major steps you can get 100 different output voltages. 

(Of course, you could get 100 different voltages by using a single selector, this 
requires more taps on the "auto" plus some automatic taps switching. Furthermore, a 
single wide range selector of this type is not so easy to use, because it takes more 
time and energy to turn it from the lowest to the highest voltage than is the case of the 
dual selectors.) 

’Voltmeter in High Tension Primary 

In systems like this the voltage output across any given pair of taps will depend on 
the voltage of the supply line; the higher the input voltage, the higher the output. If 
your supply line voltage varies (as it often does), you will not always get the same vol¬ 
tage from a given pair of output taps. This, however, doesn't matter, because you can 
Put a voltmeter across your selectors and simply set them on whatever combination of 
gives you the voltage you want. 
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In order to keep the output voltages within a given range however, you will want 
to provide the primary with a few taps from which you can choose one at the time of 
installation that would give you the desired range of output voltages for the input vol¬ 
tage of the particular supply line you happened to be using. As a matter of fact, it is 
common to use three input tapB, H, M, and L as illustrated in the following Diagram. 
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AT 


H when the line voltage is 220 — 230 yolts 
M when the line voltage is 210 — 220 volts 
L when the line voltage is 200 — 210 volts 




FILAMENT CONTROL CIRCUITS 


Another important element in any practical x-ray machine is the filament control 
circuit. The flow of electrons across the x-ray tube depends largely on the temperature 
of the filament, because this is what determines how many electrons will be "boiled off". 
Filament temperature, in turn, depends upon the resistance of the filament and the 
amount of current passing through it. 

Control of filament heating current is most easily effected by variable resistances 
or Inductances in the primary of the filament heating transformer. (Putting them there 
avoids the risks that would arise from putting a filament control device in the secondary 
of the filament heating transformer, since this is connected directly to the high tension 
circuit.) 

Variable Resistance 


In the simplest type of x-ray machine, a variable resistance is placed in series with 
the primary of the filament heating transformer as shown below: 



£ 



FT 


The voltage output of the filament transformer (FT), and therefore the filament 
heating current, will be highest when the filament rheostat R is set at zero resistance. 

Variable Inductance 

Sometimes, instead of a variable resistance, a variable inductance is placed in 
series with the primary of the filament transformer. This consists of a cylindrical 
coil of wire through the center of which can be passed an iron rod. The position of the 
iron rod determines the impedance of the coil to the current flowing through it, and to 
the primary of the filament transformer. When the iron rod or "slug" is all the way in, 
the impedance is greatest and the voltage output of the filament transformer (and there¬ 
fore the filament heating current) is lowest. 
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The drawing above shows a typical application of the variable inductance, VI, type 
of filament temperature control. (Notice that, in this case, we have chosen to supply 
the primaiy of the filament transformer with voltage obtained from a section of the auto- 
transformer, instead of directly from the line.) 

i, 

The variable inductance type of control has the advantage that there are no moving 
contacts to get dirty or wear out, as is the case with the variable resistance. (The iron 
bar or slug is mechanically driven In or cut along the axis of the coil, but has no actual 
contact with it.) However, the variable resistance type of filament control is usually 
smaller and somewhat easier to set precisely. 

Whether you use the variable inductance or variable resistance type of filament 
control, you always run the risk that the operator may "turn up" the control so high 
that too much current flows through the filament - perhaps enough to bum it out. 

T£e problem of over-heating the filament is especially acute when you have a double 
/ocus x-ray tube with its two filaments. Usually the filament that provides the electrons 
ttat hit the small focal spot has a lower resistance and operates at a lower temperature 
tban the large filament. To understand this, let us look at a typical circuit for use with 
one common lead that lets us use the same variable resistance to control the output of 
each. 

In a case like this, the operator might switch the focal spot selector to "small" 
When the rheoBtat "R" is all "out", causing too much voltage to be applied to T . 

D 
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Filament Limiters 


To prevent this, you use filament limiters that keep the total voltage you can apply 
to the filament transformers low enough to protect either focal spot against this possibil 
ity. 

The circuit then looks like this: 



where the resistors Lj and L 2 now limit the input to and therefore the output of the fila¬ 
ment transformers to a value that is safe for either focdl spot even though the main fila¬ 
ment control rheostat, R, may be for zero resistance. 

Filament Calibrators 


You can readily see that, instead of a variable resistance for filament temperature 
control, you could use a number of fixed resistors, any one of which you can put in 
series with the primary of the filament transformer by means of a selector switch. The 
circuit would then look something like this: (Diagram on following page) 
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Rj, R 2 , R 3 , and R 4 would each have a different resistance and each, when connected, 
would cause the filament temperature to have a different value. 

Another way to do it would be to use one large resistance with a series of "straps" 
on it, each connected to a tap on the selector switch: (See Diagram below) 



The use of fixed resistances to control the heating of the x-ray filament in a series 
of steps is the basis of practically all the automatic milliampere selectors in modern 
x-r*>y circuits. It has many advantages, the most important being ease of operation. 

When properly calibrated, fixed resistors relieve the operator of the need for care¬ 
fully adjusting a rheostat or variable inductance to get necessary reading on a filament 
circuit meter for each milliamperage he intends to use. 






Filament Limiters 

To prevent this, you use filament limiters that keep the total voltage you can apply 
to the filament transformers low enough to protect either focal spot against this possibil' 
ity. 

The circuit then looks like this: 



u 


where the resistors L-^ and L2 now limit the input to and therefore the output of the fila¬ 
ment transformers to a value that is safe for either focal spot even though the main fila¬ 
ment control rheostat, R, maybe for zero resistance. 



Filament Calibrators 

You can readily see that, instead of a variable resistance for filament temperature 
control, you could use a number of fixed resistors, any one of which you can put in 
series with the primary of the filament transformer by means of a selector switch. The 
circuit would then look something like this; (Diagram on following page) 
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, I? 2 , R 3 , and R 4 would each have a different resistance and each, when connected, 
would cause the filament temperature to have a different value. 


Another way to do it would be to use one large resistance with a series of "straps" 
on it, each connected to a tap on the selector switch: (See Diagram below) 
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The use of fixed resistances to control the heating of the x-ray filament in a series 
of steps is the basis of practically all the automatic milliampere selectors in modern 
x-r**y circuits. It has many advantages, the most important being ease of operation. 

When properly calibrated, fixed resistors relieve the operator of the need for care¬ 
fully adjusting a rheostat or variable inductance to get necessary reading on a filament 
circuit meter for each milliamperage he intends to use. 
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Furthermore, the automatic selection of milliamperage through specific values of 
filament resistors greatly reduces the probability of errors in operation and loads to 
much more consistent results than are normally obtained with the older type of equip¬ 
ment. 

The full details of automatic milliamperage selection will be discussed in another 
section. 

Rectifier Valve Filament Circuits 

The filament heating current for the rectifier valves is provided by stepdown trans¬ 
formers, much the same as in the x-ray tube filament circuit. Usually a separate step- 
down transformer is provided for each valve although, in a four-valve full wave circuit, 
you can get by with only three valve filament transformers. 

Since the rectifier valve filaments are normally run at high enough temperatures to 
provide enough electrons to carry the maximum x-ray tube current without difficulty, it 
is not necessary to provide the operator with a variable resistance control like that 
used in the x-ray tube filament. However, a variable resistance is usually included in 
the circuit where it can be set to provide the correct voltage on the valve filaments at 
the time of installation or subsequent inspection and adjustment. In such cases, an am- 
.meter or a volt-meter is often included to guide the serviceman in making the correct 
setting. A typical curcuit follows: 



When there is more than one valve filament transformer, separate resistances are 
placed in the primary of each one for individual adjustment of the filament temperature 
of each valve. 

Sometimes, instead of using a variable resistance, the connections of the valve fil¬ 
ament transformer primaries are made to the autotransformer through a series of taps 
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so you can "pick off" the combination that gives the proper voltage. 



You will see that this is similar to the system used in changing the output voltage 
of the high tension transformer. la this case, the selection of taps is made at the time 
of installation or calibration, not as part of the routine operation of the unit. 

Measurement of Valve Filament Voltages 

Although voltmeters or ammeters in the primary of the valve filament transformer 
circuits can be used as a guide to proper settings of resistors or taps, the most accur¬ 
ate method is to connect a voltmeter directly to the socket of the rectifier valves. This 
connection is, of course, temporary and only for the purpose of adjustment. 

AM PORT ANT I WHEN YOU MAKE MEASUREMENTS IN THIS WAY, BE SURE TO 
DISCONNECT BOTH THE LEADS THAT CARRY CURRENT FROM THE AUTO¬ 
TRANSFORMER TO THE PRIMARY OF THE HIGH TENSION TRANSFORMER. Other¬ 
wise, you run the risk of a FATAL shock.) 
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K3LOVOLTAGE MEASUREMENT 


It is not enough merely to be able to vary the kilovoltage output of the high tension 
transformer. You must actually know what the kilovoltage is for each setting of the 
kilovoltage selector, and under all line and load conditions. You cannot intelligently 
calibrate or even operate an x-ray machine without understanding the problems of 
kilovoltage measurement and indication. 

Factors that Affect Kilovoltage 

The kilovoltage output of a typical high tension transformer depends mainly on three 
things: 

1. Input voltage 

2. Ratio of primary to secondary turns 

3. Current drawn from secondary (load) 

If you supply 100 volts to the primary of a high tension transformer whose turn 
ratio is 1-1000, the voltage across the secondary will measure 100,000 (100 kv) . . . 
at least before you connect some sort of a load to the secondary. However, as soon as 
you do this, the secondary voltage you measure will drop. The amount of drop will de¬ 
pend on how heavy a load you apply (how much current you try to draw). 


Calibration of High Tension Transformer 


Primary 

Secondary Kilovolts 


Volts 

No Load 

100 ma 

500 ma 

100 

58 kvp 

50 kvp 

34 kvp 

120 

71 

62 

48 

140 

84 

76 

60 

160 

96 

88 

74 

180 

110 

101 

86 

200 

122 

114 

100 


A good example of this is seen in the calibration (chart above) of a typical x-ray 
transformer which shows how the kilovoltage measurements in the secondary vary with 
the load on the secondary. Notice how the kilovoltage changes even though there is no 
change in primary voltage or in the turns ratio of the transformer. 

Sphere Gap Measurements 

The most direct method of measuring the output voltage of a high tension transformer 
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is to use a sphere gap. Metal spheres are mounted at the end of conducting rods that 
| are supported by insulators so you can vary the distance between the spheres. If you 
connect a sphere to each side of the high tension secondary, you can measure the voltage 
output by seeing how far apart you must keep the spheres to prevent a spark from jump¬ 
ing across them. The higher the kilovoltage, the greater the separation must be. Typi¬ 
cal sphere gap separations and their corresponding kilovoltage equivalents are shown 
below: 

Sphere Gap Spacing fcm) Kv Peak 

5 129.2 

6 145.9 

7 160.4 

8 173.4 

9 185.1 

While this method is very accurate (when carefully used), it is not practical in 
modern shockproof x-ray equipment where the entire high tension system is either im¬ 
mersed in oil-filled enclosures, or encased in insulating cables. However, the sphere 
gap is used in the factory calibration of high tension x-ray transformers, like the one 
shown in chart on previous page. 

Primary Voltmeter 

Once you have a calibration chart, all you need (see diagram) is a voltmeter at¬ 
tached to the primary of the high tension transformer. 

You now measure the primary voltage that results from any given setting of the 
autotransformer controls and read secondary kilovoltage from the calibration chart, 
using the line that corresponds to the tube current (in ma) you are using. 






Although this method is adequate, it is a nuisance (and a source of mistakes) to have 
to look at a calibration chart every time you want to know the kilovoltage. 

An easy way out is to replace the scale that indicates volts applied to the primary by 
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a scale that indicates directly the secondary kilo voltage we would otherwise have to find 
from the calibration chart. Now you have, in effect, a kilovoltmeter. In practice, It la 
customary to print two or three kilovoltage scales on the meter, one to correspond with 
each curve on the transformer calibration chart. You read, then, the scale that corres¬ 
ponds to the mill!amperage you are working at. See meter diagram. 



Here a transformer, BT (usually a separate winding in the autotransformer), is ar¬ 
ranged so its output "bucks" the voltage that actuates the meter and tends to make It 
read lower. By placing a calibrating rheostat, CR, in series with the bucking trans¬ 
former, you can adjust the amount of bucking voltage applied to the kilovoltmeter ac¬ 
cording to the milliamperage you are using. 

In operation you would set the bucking rheostat control knob against a calibrated 
scale that reads, for example: 10 ma - 50 ma - 100 ma, according to the milliamper¬ 
age you intend to use. At each point you would thus introduce just the right amount of 
bucking voltage so that the kilovoltmeter will read accurately for the corresponding 
milliampere load even though there is only one scale on it. 

In a generator in which the milliamperage is automatically fixed by a series of 
separate selector positions (as in "monitor" type controls), it would be easy to arrange 
things so the automatic milliampere selector switch mechanism would pick out a sep¬ 
arate kilovoltmeter calibrating resistance appropriate to each milliamperage. This 
would eliminate the need for a separate manual adjustment of the compensating resistor. 

"Load-On" Kilovoltmeter Readings 

Li addition to compensating for the secondary load, a practical kilovoltmeter circuit 
must also take into consideration another factor - the primary voltage drop. The moment 
you close the exposure switch so as to energize the high tension transformer and cause 
current to flow in the secondary, you cause the voltage output of the autotransformer to 
drop from a "no-load" to a "load-on" value. This will show up on the kilovoltmeter; it 
will read one value before you press the exposure switch and a lower value when you 
actually make the exposure. 

Obviously, what you read during the exposure is the value you are really concerned 
with. It is the value that will determine the penetration of the x-rays and (all other fac¬ 
tors being equal) the density of the radiograph. In other words, you do not blow your 
kilovoltage until you actually make the exposure - and then it is too late to change it. 

This means that, if you want to be sure that your kilovoltage selectors are set right, 
you must make one or more test exposures before you put the film in place or begin 
treatment. Not only is this time-consuming, it causes unnecessary wear and tear on the 
machine and on the x-ray tube. 

The kilo voltmeters in the circuits we have described so far are called "load-on" 
kilovoltmeters - because they indicate the true kilovoltage only during exposure. 

"Pre-Read" Kilovoltmeter 


Its not difficult to get around this by calibrating the kilovoltmeter so that, before the 
exposure, it indicates the kilovoltage that will actually be applied to the tube during the 
exposure. 
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You temporarily calibrate your kilovoltmeter by connecting a voltmeter across the 
primary of the high tension transformer, reading it during a test exposure. See dia¬ 
gram below. 



You then consult the calibration chart to find what the kilovoltage was during the expo¬ 
sure. Now all you have to do is adjust calibrating resistance R-l so the kilovoltmeter 
indicates, before the exposure, the kilovoltage that will actually exist during the ex¬ 
posure. (Of course, this reading will drop when you close the exposure switch, but 
this doesn't matter,since you make the correct kilovolt selection before the exposure.) 

(Note: Rheostat R2 is permanently adjusted at the time of installation to limit the 
total amount of bucking voltage that can be applied to the kilovoltmeter.) 

Calibrated Autotransformers 

You will find many x-ray generators that have no kilovoltmeters at all. Instead, 
they generally have line voltage compensator circuits of one sort or another. Here is a 
typical example: See diagram below. 
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In this case, one side of the supply line is connected to one of a series of input taps on 

» the autotransformer thru a line voltage compensator control, LVC. What you do is ad¬ 
just this control to get a certain predetermined reading (usually indicated by a single 
line on the meter face) on the compensator voltmeter, CV. Since this meter is perm¬ 
anently connected across a few turns of the autotransformer, it is an indication of the 
volts-per-turn. As long as you have this properly set, you can be sure that the output 
of the autotransformer will always have a given value for each "button" or tap of the 
kilovolt selector, KS, regardless of the incoming line voltage. 

With this arrangement you determine the kilovoltage corresponding to each kilovolt 
selector setting by referring to a calibration chart. As a matter of fact, some models 
substitute the kilovoltage for the tap numbers on the kilovolt selector scale. See below 
diagram. 


7$ 6o 

• • 



Direct Reading Kilovolt Selectors 

When the kilovolt selector Itself indicates kilovoltage, you must work out some 
method of correcting this "reading" for the current drawn from the secondary of the 
high tension transformer by the x-ray tube. Because of the voltage drop in the auto¬ 
transformer under load, the voltage provided by any one setting of the kilovolt selec¬ 
tor will depend on the load being drawn by the x-ray tube at the time. 

Thus, if you had the kilovolt selectors set so they read 56, the kilovoltage across 
the tube would be 56 only at one given milliamperage. 

One way to take care of this situation is to provide the kilovolt selector with sever¬ 
al scales, see following diagram, each indicating the correct kilovoltage for a given 
milliamperage. You can see that this is 'essentially what we did to the kilovoltmeter 
scale. 
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This system has been used but is open to the same objection as the multi-scaled 
kilovoltmeter — too much likelihood of error. And don't forget - you must set the line 
voltage compensator correctly if the kilovoltage settings are to mean anything. (This is 
unnecessary with the multi-scaled kilovoltmeter.) 


Modified KV Indicators 


It is possible to get away from the objection noted above by using a calibrated set¬ 
ting of the line voltage compensator. One way to do this, in a generator that has auto¬ 
matic milllamperage selection, is to use a circuit something like the diagram below. 
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Here you find a series of resistances, Rl, in the circuit of the line voltage com¬ 
pensator meter, CM. The selector, SI, that determines how much resistance is in the 
meter circuit is mechanically coupled to the selector, 82, that controls milliamper- 
age thru the selection of appropriate sections of resistance. R2, in the primary of the 
filament transformer, FT. 

The joint operation of SI and S2 is such that when you adjust S2 for higher milliam- 
perages, you add resistance to the meter circuit thru SI. This causes the compensa¬ 
tor meter to read low . You can now bring the reading of the compensator meter up to 
normal by adjusting the line voltage compensator, LYC. 

This Increases the voltage per turn on the autotransformer above normal (even 
though CM reads normally) and increases the voltage applied to the high tension trans¬ 
former by the kilovolt selectors, KVS. 

You can see from this that even though you don't change the position of the kilovolt 
selectors, the voltage they will carry to the high tension transformer will increase and 
decrease as you set S2 for higher and lower filament heating (and milliamperage). 

You will notice that this method requires you to adjust the line voltage compensator 
every time you change the milliamperage, even though the line voltage hasn't actually 
changed. 
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MILLIAMPERAGE MEASUREMENT 


When you calibrate a kilovoltmeter, you do so in terms of kilovolts peak, for it is 
the peak kilovoltage that is measured by the sphere gap that is the basis of our calibra¬ 
tion. However, when it comes to milliamperage measurement, the situation is different 
in several important respects that must be understood thoroughly if one is to operate 
or calibrate any x-ray machine intelligently. 

Before discussing the problems of milliamperage measurement, it is very import ¬ 
ant to remember that a milliampere is fundamentally an indication of how many electrons 
per second are flowing across the x-ray tube. Since electrons striking the target are 
the actual "producers" of x-rays, milliamperage is very important as an indicator x-ray 
output. 

Average Milliamperage in a Self-Rectified Circuit 

We have noted that the current flow through the x-ray tube in a typical self-recti¬ 
fied circuit varies something like this: 



During an active half cycle, the milliamperage goes from zero up to 100 and back 
to zero, the average being somewhere in between. If we assume the curve that des¬ 
cribes current variation during the half cycle to be a "sine" wave, we can calculate the 
average value. It works out to be 63.6 milliamperes. However, during the inactive 
half cycles, the milliamperage is zero. Therefore, the average milliamperage flow 
during the course of a full cycle is the average of zero and 63.6, or 31.8 milliamperes. 

Thus, for a self-rectified or half wave circuit, we can write down this formula: 

MAave. = .318 MApeak 

or 

MApeak = 3.14 MAave 

An average current of 100 milliamperes in a self-rectified or half wave circuit 
means that the peak milliamperage must be 314 milliamperes. 
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Average Mllliamperage In a Full Wave Circuit 


Now, turning to the full wave circuit, we recall that the current wave looks like 

this: 



Here the average value of mllliamperage during a half cycle is again 63.6 MA. How¬ 
ever, since there are no half cycles when current doesn't flow, the average milliam- 
perage for a full cycle remains at 63.6, because the second half cycle is the same as 
the first. 

Thus, for a full wave circuit, the formula becomes* 

MAave. = . 636 MApeak 

or 

MApeak = 1.57 MAave 

This means that for an average current of 100 milliamperes in a full wave circuit 
the peak mllliamperage must be 157 milliamperes. 

Mill!ammeter Reads Average Current 

These facts must be remembered when you Interpret the reading of a milliam- 
meter. THE MILLIAMMETER READS AVERAGE CURRENT. The peak current 
depends on the type of circuit you are measuring. 

Thus it is that a reading of 100 on the milliammeter in a self-rectified circuit 
means that the tube is passing 314 peak milliamperes and that the temperature of the 
filament in the x-ray tube must be high enough to emit enough electrons to make up 
314 milliamperes at the instant of peak current flow. 

On the other hand, a reading of 100 on the milliammeter of a full-wave rectified 
generator means that the tube is passing 157 peak milliamperes. To do this the fila¬ 
ment does not have to be as hot as it was when producing 100 milliamperes average 
current in a self-rectified circuit. 
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Tube Life Greater on Full-Wave Circuit 


This means that, for operation at a given milliamperage, the filament of an x-ray 
tube will last longer when it is operating in a full-wave circuit than when it is in a 
self-rectified circuit. 

Turning this around, we find that a given type of x-ray tube at a given filament 
temperature will pass twice the milliamperage in a full-wave circuit that it will pass in 
a self-rectified or half-wave circuit. 

Same Average Milliamperage Means Same X-Ray Output 

It is Important to remember, however, that (at any given kilovoltage) 100 MA aver¬ 
age current will produce the same quantity of radiation whether the circuit is self-rec¬ 
tified or fully rectified. (Many people make the mistake of thinking that the x-ray output 
of a full-wave rectified generator is twice that of a self-rectified generator. As long 
as the average milliamperage is the same, the total n umb er of electrons striking the 
anode per second is identical.) 

Significance of Circuit in Tube Ratings 

The higher peak milliamperage of half-wave rectified operation causes greater beat¬ 
ing of the anode and keeps you from m aldng exposures as long as you could with the same 
tube, focal spot, and milliamperage in a full-wave circuit. It is very important, when 
you use any tube rating chart to note full-, half-, or self-rectification. 

Metering the High Tension Circuit 

While we found ways of measuring the voltage applied to the x-ray tube that did not 
require direct connection to the high tension circuit, we have to use direct methods of 
measurement when it comes to the matter of finding out how much current is flowing 
through the x-ray tube. 

In the old days, when the x-ray tube was supplied by an open, non-shockproof "aerial 
system" made up of metal tubing (suspended from the ceiling by insulators) that carried 
the high tension from the transformer, it was a simple matter to connect a milliam- 
meter in series with the x-ray tube and measure directly the current flow in the high 
tension circuit. 

Center Tap Connection 

When shockproof equipment came along, this type of metering could not be used. 

You obviously can't place anything that is at a high potential with respect to ground in 
the control stand, or where anyone can touch it. Fortunately, however, we can make 
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use of the fact that the center of the high tension secondary is at ground potential, so 
we can "break into" the circuit at this point for our mllliameter connection. 



Self-Rectified Circuits Use D.C, Milllammeter 

In a simple self-rectified circuit, we can use a direct current (DC) milllammeter 
because the rectifying action of the x-ray tube allows current to flow in only one direc¬ 
tion through the transformer secondary. True, it is a pulsating current, but it is_uni¬ 
directional and a DC meter can be used. 

Full Wave Circuits Need AC Measurement 


Now when we come to the problem of measuring tube current in a full wave recti¬ 
fied circuit, we have to measure an alternating current. This may seem strange, but 
2 when you recall the circuit, (see below diagram) you will see that current flows in the 

; high tension secondary during each half cycle - and in opposite directions. (The four 

e rectifier valves take care of feeding it to the x-ray tube in the proper manner.) 



Meter Rectifier 

This presents a couple of problems. In the first place, using an AC milllammeter 
(which would seem to be the logical thing to do) is unsatisfactory because it is character 
istic of such meters that the scale is "crowded together" at one end. The space between 
5 and 10 mllliamperes is very much less, for example, than the space between 45 and 
50 ma. This makes the meter hard to read when low milliamperage s are used (in fluor¬ 
oscopy, for example). 

One way to solve this problem is to use a circuit that permits measurement of mil- 
Hamp erage with a direct current meter. You can do this by putting the primary of a 
small transformer in series with the center tap of the high tension transformer. The 
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secondary of the, so-called, meter transformer is connected to rectifier tube and to 
the DC milliammeter as shown in the below diagram. 



Even though you solve the problem of the AC scale by the method we have just 
studied, a second problem remains: the meter would read (in addition to the current 
flow through the x-ray tube) the charging current drawn by the shockproof cables. 

This condition is caused by the fact that shockproof cables are, in effect, condensers. 
The wires at the center (which carry the current to the tube) act as one plate of the con 
denser, while the braided wire sheathing, separated from them by rubber insulation, 
act as the other plate. Depending on the length of the cables and the kilovoltage at 
which they are operating, the charging current may amount to several milliamperes. 
Since this is current which does not flow through the x-ray tube itself, including it in 
the reading of the milliammeter is not desirable. 


110 


Digitized by Google 


Original from 

UNIVERSITY OF MICHIGAN 






In order to eliminate this error, a compensating circuit is used. As you will see 
from the above diagram, this consists of a transformer, CT, whose primary is in par¬ 
allel with the input of the high tension transformer, and whose secondary is connected, 

' through condenser C^, to the meter transformer. 

By proper selection of in relation to the voltage of CT, it is possible to "feed 
into" the primary of the meter transformer, MT, a current equal to and in opposite 
direction to the charging current flowing in the high tension circuit that supplies the 
x-ray tube. Thus the charging current is 'balanced out" and the meter reads only the 
current flowing through the x-ray tube. 

You will note that the primaiy of the compensating transformer, CT, is connected 
across the autotransformer leads that carry power to the high tension transformer, HT. 
This means that the compensating current output of CT varies with the setting of the 
\cilovolt selectors. 

The primary of CT is usually provided with taps so that, when you install a ma¬ 
chine, you can make adjustments to provide proper compensation in accordance with 
the length of the shockproof cables used. (The longer the cables, the greater the 
capacity and the higher the charging current that must be compensated for.) 
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EXPOSURE CONTROL CIRCUITS 


It is obviously necessary to be able to open and close the circuit that supplies power 
to the high tension transformer by some means other than the main switch in the line 
that supplies power to the entire machine. You have to be able to energize at least the 
autotransformer so you can make the necessary kilovoltage settings, voltage compen¬ 
sations , and other adjustments without causing current to flow thru the x-ray tube at 
the same time. 

The simplest way to control exposures is to connect a foot-operated push-button 
switch in one of the leads from the autotransformer to the high tension transformer. 
Looking at the below diagram, you will see that when you close the main line switch M, 
you will get a reading on the kilovoltmeter and be able to select your kv without produc¬ 
ing x-rays. The filament circuit will also be energized so you can set the controls for 
the filament supply voltage you want. Only fay closing the footswitch, FS, will the high 
tension transformer be energized. 



In actual practice, the footswitch usually closes in two stages thru a resistor that 
is momentarily in the circuit to reduce the surge of current that is likely to occur if 
you close the switch at a moment when the voltage wave is at a peak value. In detail, 
the circuit looks like the diagram on the following page. 
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The switch is built so that when you depress it fully, the surge resistor, SR, is 
shorted out by the closing of the spring contact between 1 and 2. (Note: Sometimes 
the operator will not close the switch completely, causing SR to remain in the circuit. 
When this happens, the mi 11 tainperage will be abnormally low because of the resistance 
in the primary circuit. Furthermore, if this goes on for long, the surge resistor may 
burn out.) 


As we have pointed out earlier, the amount of current that you must draw from the 
supply line and that must pass thru the primary of the high tension transformer, hi a 
500 ma machine, the current flowing in the circuit that must be opened and closed by 
the exposure switch may run as high as 250 amperes or more momentarily. In order to 
pass this amount of current without overheating and without excess sparking at the mo¬ 
ment of making and breaking the circuit, large silver contacts that may be nearly an 
inch in diameter are sometimes used. 


Furthermore, it is important that the circuit be opened and closed positively and 
quickly so that there will be less tendency to "draw a spark" at the moment of opening 
or closing the circuit. Not only that, it is necessary in the very high powered equip¬ 
ment to make arrangements in the circuit whereby it is closed or opened at just the 
instant when the current is at zero value. 


Magnetic Contactor 

For these reasons it is not practical, excepting in low powered equipment (25 ma 
or less) to use the footswitch to open and close the circuit directly. Instead, it is 
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common to use an electro-magnetic contactor that is in turn activated by the foot switch. 
Since the amount of current required to operate the contactor is very small, you can 
make the footswitch and its own contact points very small and simple, and yet be able 
to control a heavy flow of current satisfactorily. 

You will find that all magnetic contactors incorporate a surge resistance similar 
to the one we spoke of above. A typical footswitch exposure control circuit, incorpor¬ 
ating a magnetic contactor, is shown in the following figure. 




hi quality equipment, two magnetic contactors are often used. One is a lightweight 
unit operated by the footswitch. It has a relatively low current capacity, because the 
primary current drawn in fluoroscopic procedures is quite low. A heavy duty contactor 
controlled by the exposure timer must, however, be capable of carrying the maximum 
current required at the top radiographic rating of the tube and generator. 

Exposure Timers 

While you can make a radiograph with a generator that is provided with only a foot¬ 
switch for exposure control, it is obvious that you cannot get consistent results unless 
you have some sort of a timer that will accurately control the length of each exposure. 

The simplest timer for exposure control is a mechanical clockwork mechanism 
mounted in a small metal or plastic case that can be easily held in the hand. The clock¬ 
work mechanism is arranged so that each time you set it, you automatically wind it. 
Hand timers of this type are generally calibrated for exposures as short as 1/8 of a 
second, and as long as 10 to 15 seconds. 
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Such a timer is mechanically arranged so that when you press the button to close 
the circuit thru the magnetic contactor, you set the clockwork mechanism in motion. 

At the end of the interval you have selected, the mechanism opens the contact in the 
magnetic contactor circuit, ending the exposure. Some hand timers are arranged so 
that you cannot make an exposure by pressing the button unless the timing mechanism 
is set, while with others you can make an exposure whenever you press the button of 
the timer, regardless of the setting. In all types, however, you must keep the button 
depressed during the entire exposure. If you release the pressure on the button before 
the timer has opened the circuit, you will end the exposure before the timing interval 
is completed. This arrangement has the advantage that you can interrupt the exposure, 
in case anything goes wrong, without waiting for the timer to run thru the complete 
timing interval. A typical hand timer is shown below, (hi very low powered equipment, 
the contacts in the timer Itself are sometimes used to make and break a circuit without 
the intervention of a magnetic contactor.) 



Limitations of Hand Timer 


While it would be possible to use the combination of a hand timer and magnetic con¬ 
tact to control the exposure in even the highest powered radiographic generator, the 
hand timer has some definite limitations with regard to its accuracy. In the first place, 
it cannot be relied on for exposures shorter than 1/8 of a second, and, furthermore, it 
is usually not consistently accurate to within less than 10% at the short exposure values. 
For this reason the use of a hand timer to control exposures is not recommended for 
x-ray units that operate at 100 ma or more. 
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When you have a 100 ma generator, you will want to be able to make exposures 
with accuracy as short as 1/10 of a second. When you get to. 200 ma, you will want to 
make exposures as short as 1/20 of a second, and when you get to 500 ma, you will 
want to make exposures as short as 1/60 of a second, or even in some cases as short 
as 1/120 of a second. 

Synchronous Timers 

Synchronous timers use a synchronous motor whose speed of rotation (like that of 
electric clocks) is accurately controlled by and dependent on the frequency of the alter¬ 
nating current supply line. While the basic circuit is like that of the hand timer, there 
is one major difference: You have to have the timer motor running before you 
press the exposure button to start the timing interval. (The motor takes a fraction of a 
second to get up to speed, and this could cause serious inaccuracies in the timing of 
very short exposures.) 

Therefore, it is usually connected so that the timer motor begins to run as soon as 
you energize the control. In a typical timer, there is a clutch, operated by a solenoid, 
that couples the motor to a metal arm that will rotate when the clutch is "in", but re¬ 
main stationary when the clutch is "out". 

Now this arm is held, by spring tension, so that it mechanically holds open the 
"make" contacts in series with the coil of the primary circuit contactor. However, 
when you let the clutch "in", the arm is moved away by the motor so these contacts 
close, energizing the coil of the magnetic contactor which in turn closes the primary 
circuit of the high tension transformer to start the x-ray exposure. 

A second pair of contacts ("break" contacts) is mounted so that the arm, driven by 
the synchronous motor, will eventually come against a similar pair of contacts and 
open them to end the exposure. These "break" contacts are mounted on a movable sup¬ 
port so that the distance between the make and break contacts can be adjusted. Since 
the motor drives the arm at a constant speed, the distance between the make and break 
contacts determines the length of the exposure. 
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Generator Circuit 


Timer Circuit. 


Key: MS - Main Switch. Controls power 
to autotransformer 
AT - Autotransformer 

- Kilovoltmeter 

- High tension transformer 

- X-ray tube 

-Magnetic contactor (normally 
open) 


Key: PB - Pushbutton 

CS - Clutch solenoid 
SM - Synchronous motor 
A - Timer arm 
MK -Make contacts (normally 
open) 

BK - Break contacts (normally 
closed) 


Note: 110-volt supply for MC f CS, and SM usually obtained from a common 
source on autotransformer, but shown separately for sake of clarity. 


Let us see how this works by studying diagram above. 

I. Closing main switch, MS 

1. energizes the autotransformer, AT 

a. causing kilovoltmeter, KV, to indicate so you can select kilovoltage 

2. starts timer motor (SM) 

II. Pressing pushbutton, PB 

1. energizes clutch solenoid, CS 

a. causing arm. A, to rotate in direction of arrow 

b. allowing make contacts, MK, to close 


* 
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2. when make contacts, MK, close, the coil of the magnetic 
contactor, MC, is energized, closing circuit to primary 
of high tension transformer, HT, and 

a. applying high voltage to x-ray tube 

b. to start the exposure 

When arm, A, reaches end of travel 

1. it opens break contactor, BK, thus 

2. opening the circuit to the coil of the magnetic contactor, MC, 
opening the circuit to the primary of the high tension 
transformer, HT, and 

a. removing high voltage from the x-ray tube 

b. to end the e xposure 
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REFINEMENTS IN FILAMENT CONTROL CIRCUITS 


Of all the settings and adjustments that can be made by the man who installs, or 
the technician who operates an x-ray machine, those that affect the temperature of the 
x-ray tube filament are among the most important. This is because the only practical 
way to control milliamperage is to control the filament temperature. 

Since the x-ray output of a tube is directly proportional to the milliamperage, it is 
obvious that this factor must be carefully controlled. After all, if you set up for a tech¬ 
nic of 20 ma, but actually get 22 ma, your radiograph may be 10% over-exposed, or your 
patient may receive 10% too much radiation. 

S you use a variable resistance to control the voltage applied to the primary of the 
filament transformer, you can adjust the milliamperage to whatever value you want by 
raising or lowering the resistance during the exposure. However, when the exposure is 
very short, the milliampere meter needle will swing over and back so fast that you won't 
be able to read it accurately, let alone adjust the filament rheostat. 

Filament Circuit Meters 


To get around this problem, you can use a meter somewhere in the filament circuit 
to guide you in setting the filament rheostat correctly before you make your exposure, so 
that when you close the circuit that applies high voltage to the tube, you will get the mil¬ 
liamperage you want. In the old non-shockproof circuits, it was common practice to 
put an ammeter directly in series with the filament of the x-ray tube. This meter was, 
of course, at high potential and had to be mounted on insulators that usually were sus¬ 
pended from the ceiling. 


Shockproof equipment can provide the same degree of control of filament heating 
current through the operation of a voltmeter connected across the primary of the fila¬ 
ment transformer as in the below diagram. 
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The voltmeter, V, must be accurate and designed for easy reading by having a long 
scale and a fine needle mounted close to the scale so as to eliminate the parallax that 
would otherwise cause errors in reading. 

All you have to do is make a series of exposures and take note of what the voltmeter 
reads when you have correctly adjusted the filament rheostat to give you the various mil- 
liamperages you intend to use. Thereafter, you can pre-set your filament rheostat so 
the voltmeter registers the value you noted in your original calibration, and you will get 
the milliamperage you want without having to waste time qr tube life in making "test" 
exposures. 

Space Charge Effect 

However, it takes something more than the basic circuit we just described to obtain 
a complete calibration of filament voltage vs. milliamperage. We must take into con¬ 
sideration what is known as the space charge effect. This very important characteristic 
of an x-ray tube is seldom fully understood so we will discuss it here. 

Basically, the point is this: the milliamperage flow across an x-ray tube is not en¬ 
tirely determined by the temperature of the filament. It is also affected by the kilovol- 
tage. In other words, if you set the voltage on the primary of the filament transformer 
at a certain value so that you get, for example, 50 ma when you have the kilovoltage 
selector set for 40 kv, you will find that this same filament voltage will result in higher 
milliamperages when you use 60 or 70 or 80 kv. 

The fact that the milliamperage increases as you increase the kilovoltage, despite 
the fact that the filament temperature remains the same, is known as the space charge 
effect , and is the result of two conditions. Id the first place, the "cloud" of electrons 
around the heated filament tends to repel the emission of further electrons because the 
cloud itself has an over-all negative charge, and, as you know, negative charges repel 
each other. Applying higher kilovoltages tends to break down this cloud. Furthermore, 
the inside of the glass envelope of an x-ray tube builds up a charge that tends to hold 
back the flow of electrons, and this charge redistributes itself as you increase the kilo¬ 
voltage. 

Filament Increment Curves 

As a result, it takes a different filament voltage to obtain the same milliamperage 
at each different kilovoltage. It is for this reason that some manufacturers provide with 
their x-ray tubes what is called a "filament increment chart". A typical chart is shown 
in the following diagram. 
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(Bom Value 10 amps., approx-) 


You use it like this: first, you set your kilovolt selector for 50 kv, so that you can make 
an exposure long enough to read the filament meter accurately while you adjust the fila¬ 
ment rheostat to give you 50 ma of tube current. This reading is called the "base line 
value." 


Once you have set your base line value, you can determine the correct filament set¬ 
tings for other values of milliamperage and kilovoltage by looking at the chart and find¬ 
ing out how much to add to the base line value in each case. This does away with the need 
for test exposures to make sure that your filament setting is right. Furthermore, it 
solves the problem of making the right setting for high milliamperages when tube heating 
capacity limits the exposure to times that are so short that you cannot read the meter 
accurately because the needle swings over and back so quickly. While some of the lower 
powered and less expensive x-ray units manufactured today use the type of circuit shown 
in the diagram preceding the above diagram, you will more often find that the kilovolt 
meter is also used to measure the voltage to the primary of the filament heating trans¬ 
former. In order to do this, the kilovoltmeter is provided with an extra scale, and can 
be connected to the filament circuit by momentarily depressing a self-returning toggle 
switch that disconnects it from the primary of the high tension transformer, and connects 
it to the primary of the filament transformer. See the following diagram. 
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Space Charge Compensation 

While it is perfectly possible to use a filament meter in combination with a fila¬ 
ment increment chart and a variable rheostat to preset the filament temperature 
accurately, two disadvantages have led to further refinements in the filament control 
circuit. In the first place, not all operators will take the trouble to set the filament 
rheostat accurately, with the result that radiographs are not consistent in density. 
Secondly, the procedure of setting the rheostat and reading the filament meter takes 
time and adds one more complication to the operation of the unit. 

You can replace the variable filament resistance by a set of fixed resistances and 
a selector switch to put one or another in the filament circuit according to the milliam- 
perage you want. However, if you want to do this, you must figure out some way to take 
care of the space charge effect discussed above. 

One simple method that has been used is to install a rheostat that is mechanically 
coupled, thru gears, to the kilovoltage selector so that increasing the kilovoltage in¬ 
creases the resistance. If the rheostat is put in series with the filament calibrators, 
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it will automatically reduce the voltage applied to the primary of the filament trans¬ 
former as you move the kilovoltage selector up to higher settings - and vice versa. 



FT 


The above diagram shows the location of the space charge rheostat, SCR, that is 
cr ouple d to the kilovoltage selector KVS. This arrangement is quite simple, but it is 
r»ot very accurate. Furthermore, it is difficult to arrange for operation with controls 
fcliat use dual kilovolt selectors. 
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When you have dual kilovolt selectors, you can use a circuit like the one shown in 
the previous diagram where you see a space charge transformer, SCT, whose primary is 
connected to the autotransformer thru the kilovolt selectors. This means that the out¬ 
put voltage of SCT increases as you set the kilovolt selectors for higher kilovoltage. 

The secondary of SCT is in series with the filament calibrating resistors so that 
the voltage applied to the primary of the filament transformer, FT, depends upon: 

1. The voltage between taps FI and F2 on the autotransformer, AT 

2. The setting of the filament calibrator selector, SF 

3. The voltage output of the space charge transformer, SCT 

Now SCT is connected*'out of phase" so that the voltage it supplies to the filament 
circuit "bucks" or opposes the voltage supplied by AT thru taps FI and F2. Further¬ 
more, the higher the kilovolt selectors are set, the greater becomes the bucking vol¬ 
tage. In other words, the output voltage of SCT acts very much like the space charge 
rheostat automatically lowering the filament temperature as kilovoltage is increased, 
and vice versa, so that milliamperage remain? relatively constant over the entire kilo¬ 
voltage range without requiring any attention from the operator. 
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The above diagram shows a somewhat more accurate space charge compensating 
circuit using two space charge transformers working together. SCT, is connected 
across a section of the autotransformer, AT, so that a constant voltage is applied to 
its primary. (This is so because the line voltage compensator, LVC, assures a con¬ 
stant voltage per turn on the autotransformer, AT.) SCT 2 is connected so the voltage 
on its primary depends on the setting of the kilovolt selectors, KVS. 
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The secondaries of SCT^ and SCR 2 are connected in series through R. The rela£iV e 
output of the two transformers determines whether the voltage across R adds to or sub¬ 
tracts from the voltage of the autotransformer supply, X, to the primary of the filament 
transformer. Above 76 kv, the voltage drop reduces the voltage supply to the filament 
transformer; below 76 kv it increases the voltage. 

The filament calibrators, FC, are adjusted so that each one gives the desired mil- 
liamperage at 76 kilovolts. Then the connections are adjusted from the filament c alibra- 
tors to the resistance R so that the same qiilliamperages are obtained when the kilovolt 
selector is set for 50 and for 90 kv. It is claimed that this method will compensate for 
space charge and maintain milliamperage within 5% of the proper value over the entire 
kilovoltage range. 

Line Voltage Fluctuation 

We have seen several refinements that can be added to the x-ray tube filament cir¬ 
cuit to allow accurately presetting the filament temperature in order to get the desired 
milliamperage when the exposure button is pressed. However, we haven't provided for, 
yet another factor that can seriously affect the milliamperage. This is the fluctuation 
of the supply line voltage during the exposure. Elevators, electric motors, sterilizers, 
and other devices that operate from the same distribution transformer that supplies 
power to the x-ray line cause voltage drops that show up as changes in the voltage sup¬ 
plied to the x-ray machine. When these extraneous loads are intermittent, they some¬ 
times cause variations in milliamperage that can seriously affect the output of x-rays, 
especially during an exposure that lasts for several seconds. 


Voltage Stabilizer 

For this reason, it is wise to include a voltage stabilizer in the filament circuit. 
Most manufacturers use a magnetic voltage stabilizer between the auto transformer and 
the filament transformer. This consists of a pair of transformers hooked up as in the 
following diagram. These transformers are specially designed so that one tends to "buck" 
any voltage increase, while the other "boosts" when the line voltage decreases. Oper¬ 
ating together, they hold the voltage on the primary of the x-ray tube filament trans¬ 
former constant to within a tenth of one per cent, even though the supply line voltage 
varies by as much as 10%. 

This is an important contribution to the stability and consistency of operation of 
any x-ray machine, since it is difficult to regulate the milliamperage manually with a 
filament rheostat during the exposure and maintain reasonable constancy. (You may 
"get away with it" in a therapy machine, where an exposure may last as long as 15 min¬ 
utes, but not in short radiographic exposures.) 


Digitized by Google 


125 


Original from 

UNIVERSITY OF MICHIGAN 



i 



While stabilizers of this type are widely used in generators of 100 ma or higher 
capacity, they have certain limitations. One is that they are sensitive to frequency 
changes and will stabilize only when the frequency of the supply line holds at the value 
for which they are designed. (This makes them unsatisfactory for use in generators that 
are supplied with current by a gas-engine driven generator.) 

More important is the fact that the filament voltage stabilizer "protects" milliam- 
perage against changes caused by variations in the voltage supplied to the filament 
transformer. If the milliamperage changes for some other reason, the stabilizer will 
do nothing about it. 

Filament Evaporation 

In spite of all we have discussed in the past few paragraphs, we have still not 
solved the problem of getting the milliamperage we want every time we set the machine 
up because of still another problem that must be solved. 

The problem is one of filament evaporation. You see, all the time the filament is 
lit, a certain amount of tungsten keeps "boiling off" or evaporating. Over a period of 
months or years, enough tungsten will evaporate to coat the inside of the glass envelope 
of the tube with a layer so thick that appreciable absorption of x-rays occurs. As a 
result, you have to use longer exposures to get the density you want on the film. Inci¬ 
dentally, the higher the filament temperature, the greater the rate of evaporation. 
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Now, this evaporation causes the filament to get thinner and thinner, and as this 
| happens, you need less and less heating current to produce the same filament tempera¬ 
ture. (As the filament gets thinner, its resistance becomes higher, and since the fila¬ 
ment temperature depends on the square of the current times the resistance, I^R, you 
need less and less current to produce the same temperature as the filament resistance 
increases.) 

Calls for Re-calibration 


For this reason, you must change your "base line" calibration periodically if you 
are using a filament increment chart. And if you have a monitor or other automatic 
type of milliampere selection circuit, you must periodically change the settings of the 
filament calibrating resistors. 

The effect of filament evaporation is more pronounced when the tube is new, and it 
is advisable to recalibrate the filament settings every 100 exposures for the first 500 
exposures, and thereafter whenever the tube (milliamperage) increases appreciably 
over the calibrated values. 

Milliampere Stabilizer 

There is a very satisfactory way to get around this problem and many related 
problems. It involves the use of a milliampere stabilizer. The below diagram shows 
the basic circuit for a milli-stabilizer of the vibrator type. 

Before we start the exposure, the primary of the filament transformer, FT, is 
fed by two connections to the autotransformer. One is direct, and the other passes 
through resistor R1 and the filament resistance FR. Assuming this to be a monitor- 
type circuit, we can say that the values of R1 and FT are such that the filament of the 
x-ray tube, XR, is at the right temperature for the milliamperage we want. 
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When we close the primary contactor, PC, applying voltage to the primary of the 
high tension transformer, HT, we also energize the coil of the relay, Rel-1, causing 
resistor R-2 to be substituted in place of R-l in the filament primary circuit. However, 
R-2 is, at this moment, shunted by the contacts of a second relay, Rel-2. Therefore, 
the voltage on the filament transformer rises, the filament temperature rises, and the 
milliamperage "follows suit". 

Connected to Center Tap 

You will notice that we have "broken into" the center of the secondaiy of the high 
tension transformer, connecting it to ground so the leads can safely be brought to the 
control. This means that the current passing through the x-ray tube must pass through 
the coil of Rel-2. 

As soon as the milliamperage goes above the desired value, the current flow through 
the coil of Rel-2 opens the contacts that short circuit R-2, putting it in series with FR 
and lowering the voltage on FT. This causes the filament temperature to drop and the 
milliamperage to go down. 

Soon, however, it drops to the point where the current through Rel-2 is not enough 
to keep the shunt contactors open. Therefore they close, short-circuiting R-2 again and 
raising the voltage in the filament primary circuit. 

Cycle Repeats Itself 

This cycle of events keeps repeating itself during the length of the exposure. As a 
matter of fact, the repetition rate is so fast that the shunting contacts across R-2 
actually vibrate. They vibrate so fast that the filament doesn't have a chance to cool off 
or heat up much as R-2 alternately comes into and goes out of the primary of the fila¬ 
ment circuit. Instead, it holds an average value that yields a constant milliamperage. 

In actual practice, a condenser (shown by dotted lines) is generally placed in pa ra¬ 
id with R-2 to reduce sparking at the contacts of the vibrator relay, Rel-2. 

Furthermore, it is customary to provide a number of shunting resistors that can be 
connected across the coil of relay Rel-2 to determine the amount of milliamperage nec¬ 
essary to open the shunt contacts across R-2. The specific resistance for any given 
milliamperage is usually selected through connections on the same selector switch that 
picks out the filament calibrating resistors in a monitor type of control. 

Use of Two Stabilizers 

Because its action is actually controlled by the milliamperage flowing through the 
x-ray tube, this type of stabilizer is more effective than the voltage stabilizer we dis¬ 
cussed above. By using both types of stabilizer in the same generator, you can get 
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excellent stabilization of milliamperage and, as a result, can expect more consistent 
radiographic results than when you use one or the other singly. 

Furthermore, using the voltage stabilizer means that, whatever the line voltage 
may be at the moment you start the exposure, the filament voltage and temperature will 
be close enough to the correct value that the milli-stabilizer won't have to make large 
changes in filament temperature. This is important in short exposures of 1/20 to 1/10 
second where, in some cases, the filament might not otherwise reach the right temper¬ 
ature before the exposure ends. 

Summary of Advantages 

We can summarize the advantages of the milli-stabilizer as follow: 

1. It keeps the milliamperage constant during each exposure, regardless of line 
voltage fluctuations that may occur. 

2. It does away with the need for a space charge compensating circuit. If, for ex¬ 
ample, you have selected a high kilovoltage that would tend to make the milliamperage 
too high, the milli-stabilizer will correct it automatically. 

3. It automatically prevents the gradual increase in milliamperage that results 
from the filament evaporation we talked about earlier in this section. This means that 
the filament calibrating resistors don't have to be adjusted so often. 

4. It does away with the necessity for a line voltage compensator circuit (except in 
cases where the line voltage fluctuates over a very wide range), since it will easily com¬ 
pensate for the changes in the voltage supplied to the filament transformer. This makes 
the control easier to operate by completely removing one adjustment. 

5. It corrects for effect of tube temperature on milliamperage. 

Filament Boost Circuits 


When we were discussing pre-reading vs. load-on kilovoltmeters, we said that 
there is a voltage drop throughout all circuits of the x-ray generator as well as in the 
supply line itself. This raises a problem with regard to the filaments of the rectifier 
valves and the x-ray tube. 

You might say that, since you know the voltage on the primary of the filament 
transformers is going to drop when you make the exposure, thus causing the filament 
temperatures to drop, you might just as well set them up so they are a little hotter just 
before the exposure than they need be during the exposure. This, however, is not a 
good idea because rectifier filaments and the filaments of rotating anode x-ray tubes 
have to run at quite high temperatures during exposure anyway. To make them run 
hotter in the "standby" condition (when the control is energized but the primary con¬ 
tactor is open) would be to shorten their useful life. 
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Valve Filament Booster 


Boost circuits have been devised to take care of this situation. A typical valve 
boost circuit is shown in the below diagram. It consists of a transformer whose pri¬ 
mary is in series with the primary of the high tension transformer, and whose second¬ 
ary is in series with the primary of the filament transformer. 

In the standby condition, when there is no current flowing in the high tension cir¬ 
cuit, the valve boost transformer is inactive and contributes nothing to the filament 
circuit. However, as soon as you start the exposure, the current in the primary of 
the high tension circuit passes through the valve boost transformer, inducing a voltage 
in its output. 



This voltage adds to the voltage supplied to the valve filament transformer by the 
autotransformer. In this way it makes up for the voltage drop in the autotransformer 
and sees to it that the voltage on the primary of the valve filament transformer is the 
same during exposure as during the standby period. 

What’s more, the higher the primary current, the greater the boosting action. 
This is as it should be, for when you pass high milliamperage through the x-ray tube, 
you cause greater voltage drops throughout the various circuits. 

A valve boost circuit like this will, therefore, compensate automatically for the 
voltage drops at all secondary loads. 
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Non-Essential Filament Operation 


We have pointed out earlier that the most important feature of the rotating anode 
tube is that it permits the use of high milliamperages with small focal spots. This in¬ 
troduces a design problem we didn't discuss at that time but must take up now. 

hi order to focus the electrons on a small spot on the anode, you must use a fila¬ 
ment structure that is fairly small; otherwise, the electron source will be too broad to 
permit focussing to small spots. This means that the filament of a rotating anode tube 
must be operated at a higher temperature than that of a stationary anode tube. It is the 
only way to get enough electrons to make up the necessary milliamperage. 

Since the higher operating temperatures mean a higher rate of filament evaporation, 
the life of rotating anode tubes might be shorter than that of stationary anode tubes un¬ 
less protective measures were taken. This leads us to a study of filament standby and 
boost circuits. 

In actual practice, the x-ray tube filament burns much longer than just during the 
exposure. As a matter of fact, heating current flows through the filament as soon as 
you energize the control by turning on the line switch. This means that it is burning 
all during the time required for the warm-up of tubes in electronic timers, stabilizers, 
etc. as well as for the setting of the various controls. This non-essential operating 
time builds up to appreciable significance when technicians in busy departments leave 
the control energized for hours at a time. 

You might suggest that things be arranged so tha,t voltage is not applied to the fila¬ 
ment circuit until the exposure begins. This, however, wouldn't work because of the 
time it takes for the filament to heat up. This may well be several tenths of a second - 
longer than some exposures. 

Filament Standby Circuit 

For this reason it is customary to put a "standby" resistance in the filament circuit 
so the filament operates at a low temperature except during exposure. This you ar¬ 
range by putting a relay across the resistance to short it out when you press the expo¬ 
sure switch. The circuit would look something like thfs; See following diagram. 
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Even this arrangement is not completely satisfactory, because it still takes a 
definite time for the filament to heat up from its standby to its operating temperature. 
Some exposures might be too short to permit this increase to occur before they ended. 
This would cause the milliamperage to be too low. 

Fortunately, this is easy to take care of because of another characteristic of rotat¬ 
ing anode tubes — the time it takes for the anode to get up to speed. Usually it takes 
something in the order of two seconds for the anode to come up to its 3600 rpm speed 
after you have applied voltage to the starter by pressing the exposure switch. 

Therefore, all you have to do is arrange things so that the shunt contacts across 
the standby resistor close at the same time you apply voltage to the starter of the x-ray 
tube. Then, by the time the rotor has come up to speed, the filament temperature will 
have risen to the correct value. Such a circuit is shown in following diagram. 
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ELECTRONIC EXPOSURE TIMERS 


You can make use of the timing characteristics of a resistance-capacitance circuit 
in combination with a thyratron to make an interval timer that will operate the magnetic 
contactor in the primary of the high tension transformer in the x-ray generator. It 
might look something like the diagram below. 




PB^ - PBg - Push button (Dual Contacts) 

- Battery (to charge C) 

R - Resistance (Setting determines 
exposure time) 

S - Shorting Switch 


C — Condenser 
T^ - Thyratron 

BR - Break Relay (Normally Closed) 
B£ - Plate Voltage Supply for T^ 

PC - Primary Contactor 


The push button, PB, would have two separate sets of contacts so that when you 
press it, one pair, (PB^) would close the circuit thru the coil of the primary contactor, 
PC, and thereby start the exposure. (Note that the contacts, BR, of the break relay 
are normally closed.) 


Current from a battery, B-, would, at the same time, begin to flow thru the re¬ 
sistor, R, and the condenser, C. 


Pressing the push button would also close the contacts, PBg, but current from the 
battery, Bg, could not flow thru the coil of the break relay, BR, because the thyratron, 
T, would be in a non-operating condition. 
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As the exposure progressed, the condenser would charge up until the voltage 
across it (which is also applied to the grid of the thyratron) reached the critical or 
"firing" point. At this moment, the thyratron would become conductive and current 
from B 2 would flow thru it and thru the coil of the break relay. 

This would open the contacts of BR, halting the flow of current thru the coil of the 
primary contactor, PC. This, in turn, would end the exposure by opening the primary 
circuit of the high tension transformer. 

As soon as you released the push button, current would stop flowing in the thyratron, 
the contacts of BR would close, putting everything in readiness for the next exposure. 
However, you would have to close switch for a moment, to discharge C completely 
before making the next exposure. Otherwise, it might retain some of the charge built 
up in the previous exposure and thus take less time to build up to the "firing" voltage. 

By making R a variable resistance, you could adjust it for any exposure interval 
you wanted. Electronic timers that work on this principle are made to cover a range of 
l/f-'Uh second to 20 seconds. 

"Zero Start" Circuit 

One feature of electronic timing circuits is that you can arrange them so they will 
start every exposure at the zero point in the voltage wave. This cuts down the sparking 
that causes wear of the points in the primary contactor. It also puts a stop to the cur¬ 
rent surges thrt might otherwise damage the transformer, x-ray tube, and cables. 

This involves the use of a "peaking" transformer. Such a transformer is so de¬ 
signed that its output voltage wave takes the form of a sharp "peak" or impulse, like 

this: instead of the usual sinusoidal wave, like this: /A . This peak 

will always occur at the same time in relation to the primary voltage wave. 

Now, you can use this peaking transformer in combination with a thyratron to 
start the exposure at the zero point by using a circuit like the following diagram. 

Here you see that the timer circuit is the same as that in Diagram A except that 
PBi has been shifted and replaced by the zero start relay, ZS. The zero start circuit 
consists of a peaking transformer connected to the same line as the primary contactor, 
PC. When you press the push button PB. you energize the peaking transformer, PT, 
whose output voltage is applied to the grid of thyratron T 2 . The peak voltage of the 
peaking transformer is enough to "fire" the thyratron, Tg. 
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PT - Peaking Transformer B_ - Plate Voltage Supply for T 2 

T 2 - Thyratron ZS - Zero-Start Relay 

Diagram B 

As the voltage across X-Y reaches maximum, the peaking transformer output 
voltage causes T„ to "fire", allowing current from Battery B to flow thru the coil of 
the zero start refay ZS. This energizes the coil of the primary contactor, PC, and 
starts the x-ray exposure. 

Although the thyratron, T 2 , "fires" when the voltage across X-Y is maximum, 
there will be some delay in the mechanical closing of the contacts of ZS and further 
delay in closing the contacts of PC that control the supply of current to the primary of 
the high tension transformer. By adjusting these two contactors, it is possible to make 
the accumulated delay such that the circuit in the primary of the high tension trans¬ 
former closes just enough later than the firing of T 2 so that the voltage wave in the high 
tension primary supply has reached zero. The important thing is that the peaking trans¬ 
former "fires" T 2 at exactly the same point in the voltage wave every time, regardless 
of when you press the push button. This causes the two contactors ZS and PC to operate 
in sequence and in a definite time Interval after the firing of Tg — thus making sure 
that every exposure starts at the same point (zero) of the voltage wave. 

Closing of ZS starts the timing circuit simultaneously with the beginning of the ex¬ 
posure. The exposure is ended in the same way as was described in Diagram "A". 
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The "Back-Up" Timer 


A close look at the basic circuit for the electronic exposure timer of Diagram A, 
reveals a possible source of trouble in that the opening of the primary contactor, PC, 
to end the exposure depends entirely on the operation of the thyratron, T^. If for 
some reason or other, fails to "fire", the exposure will not end until the operator 
releases the push button, PB. 

The danger here is that the operator may not notice or even know that anything is 
wrong, and may allow the exposure to continue, possibly until the x-ray tube fails due 
to overheating of the anode. For this reason, some electronic exposure timers include 
a protective or "back-up" circuit, ft should be noted, however, that the increasing 
reliability of voltage regulator tubes has minimized this problem. 

In essence, the "back-up" circuit is a thyratron, Tg, that can be connected in par¬ 
allel with T^ and might look something like the below diagram. 



BU - "Back-iq)" Break Relay B^ - Plate Voltage Supply for Tg 
Tg - Thyratron PBg - Push Button (3rd pair of contacts) 


The section within the dotted line is the "back-up" circuit and has been added as a 
unit to the basic electronic timer circuit which otherwise remains the same as when we 
first saw it in Diagram "A". 

We have added another pair of contacts, PBg, to the push button used to start the 
exposure. When PBg is closed (simultaneously with the closing of PB^ and PBg), the 
plate circuit of Tg is closed thru the battery B^. However, current does not flow 
across T 3 because the voltage on the grid is not enough to cause it to fire. 
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You will notice that the grid of Tg is connected to the grid of Tp so that tne poten¬ 
tial built up in C during the charging period will be applied to it. However, thru appro¬ 
priate circuit modifications (not shown) and thru different characteristics (Tg is a dif¬ 
ferent tube from Tj), Tg is made to "fire" at a higher grid voltage than T^. 

Thus, if Tj fails to "fire", the continuing flow of current into the condenser C will 
build the voltage on the grid of Tg up to higher and higher values until Tg finally "fires". 
This causes current to flow in its plate circuit, actuating relay BU, opening the circuit 
in the primary of the high tension transformer and ending the exposure. 

Tg and its circuit constants can be arranged so that it will always "fire" at a cer¬ 
tain interval after the time when T^ should fire. This interval can be such that, if T^ 
fails, the resultant exposure (as terminated by Tg) will be only about 10% longer than 
the timer was set for. This means that the resultant radiograph may be a little darker 
than was originally desired, but it will probably have adequate diagnostic quality. 

Safety Interrupt Signal 

Even though such a "back-up" circuit might protect the x-ray tube against over¬ 
loading, it needs some modification to be practical. As it stands, the operator has no 
way of knowing whether an exposure has been ended by the "firing" of Tj or Tg. If ^ 
is out of order, and Tg is ending exposures, everything depends on the proper opera¬ 
tion of Tg. If it^should fail, the exposure would not end. 

Of course, you could add another "back-up" circuit, but this would be an expensive 
and, in practice, unnecessary precaution. Therefore, it is wise to couple Tg to a 
warning signal on the control that will light up whenever Tg is called into action thru 
the failure of T^ and tell the operator, in effect, "You are now riding on your spare 
tire - better call a serviceman. " 

This can be arranged by connecting a neon lamp across the coil of BU so that when 
current is flowing thru it, the voltage drop across the coil will be enough to light up the 
neon safety lamp, SL. The signal light circuit is shown in the dotted lines added to the 
back-up circuit shown on the following page. 
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Practical Modifications 

We have limited this discussion to the principles involved in electronic timer oper¬ 
ation. The actual circuit of equipment manufactured for regular use will be somewhat 
different in a number of details, la the first place, batteries will, of course, be re¬ 
placed by a conventional electronic DC power supply. Furthermore, voltage regulator 
tubes will be used to make sure that the voltage supply to the condenser is constant des¬ 
pite line voltage or load fluctuations. (This is important, because the time required to 
charge the condenser up to the point where it will "fire" T^ depends on the voltage ap¬ 
plied to it.) Consistent timing will be impossible unless the voltage is held constant. 

Resistor R will be provided with taps or replaced by a bank of resistors of differ¬ 
ent values so that different timing intervals can be selected. Furthermore, a second 
condenser will be used in addition to C in order to make more combinations of capacity 
and resistance so that a wider range of exposure times can be provided. 

One detail, for example, is the provision of shorting contacts that short out the 
condenser at the end of each exposure so as to be sure that it is completely "empty" 
when the next exposure begins. 
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MILLIAMPERE STABILIZER 


There are at least three things that can affect the milliamperage flowing through 
an x-ray tube. Most important, of course, is the filament temperature. Second in im¬ 
portance is the kilovoltage, or space charge effect. And then there is the matter of the 
actual temperature of the x-ray tube (the sort of thing that makes the milliamperage 
lower on the first exposure in the morning than it is after the tube has warmed up). 

Since the filament temperature can be affected by line voltage fluctuation, since you 
change the kilovoltage for practically every exposure, and since the temperature of the 
x-ray tube itself is not something you can quickly change, automatic control of milliam¬ 
perage is not quite as simple as you might think. The most effective way to do the job 
is to use a milliampere stabilizer. 

Since this device, properly adjusted and maintained, does a better job of keeping 
the miliiamperage at the value indicated when you set the monitor at any given technic, 
it is important to have a thorough understanding of how it works. 

If you look at the below diagram, you will recognize a fairly conventional diagram of 
a four-valve full-wave rectified x-ray generator. The auto-transformer and the high ten¬ 
sion transformer are shown at the left, the filament transformer, the x-ray tube, and 
the four rectifying valves are shown at the right. The first thing to look at closely is the 
resistor, Rl, that is inserted at the mid-point of the secondary of the high tension trans¬ 
former, HT. The alternating current that flows through this transformer secondary 
produces an a-c voltage drop across the resistor Rl. This voltage drop is proportional 
to the milliamperage flow through the secondary of the high tension transformer, and 
therefore to the milliamperage flow through the x-ray tube. 
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The voltage drop across R1 is applied to the primary of a small transformer, CT, 
called a coupling transformer. 

The output of this coupling transformer is applied to a rectifier, R. (We lave not 
drawn the full circuit of this rectifier since it should be familiar to all as the conven¬ 
tional full-wave device using a tube such as a 6 x 5 or a 6A x 5). The negative side of 
the rectifier output is applied to the grid of the triode, V-l, and the positive side is 
connected to the cathode of V-l. 

Let us look at the plate circuit of VI. Here we see that the plate voltage is supplied 
by a power transformer PT at the plate. As a result, since the current cannot flow 
through the plate circuit when the plate potential is negative, a pulsating current flows 
through the primary of OT. 

Thus, the average value of the pulsating current that flows in the primary of OT 
depends upon the bias voltage applied to the grid of the triode VI. This bias voltage, 
however, is supplied by the output of the rectifier, which in turn depends upon the vol¬ 
tage input to the coupling transformer. This voltage input is, of course, the voltage 
drop across the resistor Rl, and therefore, is dependent on the milliamperage flowing 
through the secondary of the high tension transformer and the x-ray tube. 

Thus, the voltage of the output transformer OT is determined by the voltage drop 
across the resistor Rl, and is, therefore, a function of the milliamperage flowing through 
the x-ray tube. 

If you look more closely at the output of transformer OT, you will see that its sec¬ 
ondary is connected in series with the primary of the filament transformer FT. This 
means that the voltage applied to the primary of FT is the sum of three different vol¬ 
tages: (1) the voltage across the autotransformer taps FI and F2; (2) the voltage drop 
across the filament limiting resistor FR (both of these are in the lower left hand cor¬ 
ner of the diagram); and (3) the voltage across the secondary of the output transformer 
OT. 


If we assume that, for the time being, the voltage between FI and F2, and the vol¬ 
tage drop across the filament limiting resistor FR, do not change, it becomes clear that 
the voltage across the secondary of the output transformer OT becomes the controlling 
factor in determining the voltage output of the filament transformer. If the output trans¬ 
former OT is properly connected so that its voltage adds to the voltage supplied from 
the auto transformer to the filament transformer, we have a means of stabilizing the 
x-ray tube current through the following series of events: (See following diagram) 

1. An increase in milliamperage through the x-ray tube 
increases the voltage drop across Rl. , 

2 . This increases the voltage output of the rectifier and makes the bias voltage on 
the grid of VI more negative. 
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3 . As a result, the plate current through VI and through the primary of OT 
goes down. 

4. This causes the output voltage of OT to go down also, thus decreasing its 
contribution to the voltage supply of filament transformer FT. 

5 . As a final result, the output voltage of FT will go down, thus causing the 
temperature of the filament of the x-ray tube to go down, and as a result, 
causing the milliamperage to drop. 

Thus, in summary, an Increase in milliamperage flow through the x-ray tube, 
whatever may have caused it, results, through the operation of this simple circuit, in a 
decrease of the filament temperature and, thus, in decrease of the filament temperature 
and, thus, in a decrease of milliamperage. 

If, on the other hand, something should cause the milliamperage flow through the 
x-ray tube to decrease, the operation of this stabilizing circuit would cause the temper¬ 
ature of the filament of the x-ray tube to increase, and thus to raise the milliamperage. 

Now, what we have seen so far is not very practical because we have not made any 
provisions for calibrating the stabilizer so that it will effectively stabilize the x-ray 
tube current at one or more specific milliamperages. To see how this is accomplished, 
we must modify our original diagram by adding a milliamperage calibration circuit, 
as shown in the following diagram. You will see that this circuit is the same as we have 
been looking at excepting that we have provided a battery, B, and a voltage dividing or 
calibrating resistor, Cr. These are connected to the grid and the cathode of the triode 
VI, so that we can apply a positive potential of a desired value to the grid. 
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The net potential on the grid will now be the difference between the voltage output 
of the rectifier R and the voltage picked off of the calibrating resistor CR. It is import¬ 
ant to remember, at this point, that we originally connected the rectifier R so that its 
output would make the grid negative. By now connecting the compensating circuit so that 
it tends to make the grid positive, we realize that the actual bias on the grid may be 
positive, negative, or zero, depending upon the relative value of the two voltages. 

First, (see following diagram) let us suppose that the milliamperage flow through 
the x-ray tube is such that the voltage drop across R1 in the secondary of the high ten¬ 
sion transformer causes the voltage output of the rectifier R to be just the same as that 
applied by the battery B through the calibrating resistor CR. When this happens, the 
resultant voltage on the grid will be zero, and the plate current through the triode VI 
will have what we might call a base line value that is determined by the tube character¬ 
istics and by the voltage of the plate transformer PT. When the voltage on the grid is 
zero, therefore, the output transformer, OT, will contribute a certain fixed amount of 
voltage to the filament transformer, FT, and the x-ray tube filament temperature will 
have a fixed value that results in a given milliamperage. 
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Now, let us suppose that the mill!amperage through the x-ray tube increases ... 
for any reason whatsoever. We see that the voltage drop across R1 will therefore in¬ 
crease and the voltage output of the rectifier becomes higher than the voltage supplied 
by the calibrating circuit. As a result, the net bias on the grid is now negative, and for 
this reason, the current flow in the plate circuit of VI goes down. 

This immediately lowers the output voltage of transformer OT and consequently 
lowers the voltage output of the filament transformer, FT. The temperature of the fila¬ 
ment of the x-ray tube will now drop and the mill!amperage will decrease. As soon as 
it has decreased enough so that the voltage drop across R1 in the secondary of the high 
tension transformer is low enough to make the output of the rectifier R equal to the vol¬ 
tage supplied by the calibrating circuit, the inilliamperage will automatically have re¬ 
turned to its stabilized value. If, on the other hand, the milliamperage flow through 
the x-ray tube should decrease, for some reason or another, it is easy to see that the 
voltage drop across Rl, and therefore the voltage output of the rectifier R, will drop. 
This will make the net voltage on the grid of VI positive, because the voltage from the 
calibrating circuit will be higher than the voltage from the output of the rectifier. A 
positive grid bias causes the plate current to increase, and this in turn increases the 
voltage output of the transformer OT. The filament transformer output therefore in¬ 
creases, raising the temperature of the x-ray tube and returning the milliamperage to 
the stabilized value. 

These examples show that the stabilized value of the milliamperage flow through the 
x-ray tube depends upon the value of the positive voltage that is applied to the grid by 
the calibrating resistor, CR. The higher the voltage you apply to the grid, the higher 
will be the stabilized value of the milliamperage, because greater milliamperage will 
be required to raise the voltage drop across Rl to the point where the output of the 
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rectifier R equals the voltage supplied by the calibrator. For this reason, the voltage 
applied by the calibration circuit is called the reference voltage. The calibrating re¬ 
sistor CR controls that reference voltage. 

At this point, it seems important to note that, just because you have a properly ad¬ 
justed milliampere calibrator, it doesn't mean that the filament limiting resistors 
don't have to be adjusted. As a matter of fact, the filament limiting resistor, FR, should 
be set as closely as possible to the right value for any given milliamperage, simply 
because it is not practical to ask the milliampere stabilizer to make up for wide errors 
in milliamperage. By having the filament limiting resistor set as nearly right as pos¬ 
sible, the milliampere stabilizer will not have to change the filament temperature very 
much, thus reducing the thermal lag, or natural delay, in actual changing of the filament 
temperature. 


So much for the principles of operation of an electronic milliampere stabilizer. We 
now have to do something about making it practical. In the first place, our single triode, 
VI, must be replaced by a 3-stage amplifier if we expect to get a voltage output high 
enough to really mean something when it is applied to the primary of the filament trans¬ 
former. In the second place, we must, of course, replace the battery that supplied the 
reference voltage to the grid of the triode by a conventional electronic rectifier circuit. 
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To see how this done, let us look at the above diagram. Here we see, at the far 
left, a high voltage transformer at the mid-point of whose secondary is the familiar 
resistor Rl. The voltage drop across this resistor is applied to the coupling transform¬ 
er CT whose output is rectified by the full-wave rectifier, VI, and smoothed by the con¬ 
denser C and load resistor R2. The voltage output of the rectifier system is applied to 
the grid of V2 and amplified by successive stages - V3 and V4 - before being applied to 
the output transformer, OT. For simplicity, only the filament transformer and fila¬ 
ment circuit of the x-ray tube are shown at the right-hand side of this figure. 
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To further simplify the analysis, we have omitted the details of the d-c power supply 
that is used to provide the appropriate grid biases for V2, V3, V4 through the resistors R5, 
R6, and R7. What you are looking at here is a very simple 3-stage amplifier whose input 
is provided by the voltage drop across a resistor in the high tension transformer, and 
whose output is applied to the filament circuit of the x-ray tube. 

The next diagram helps explain what goes on when there is no current flowing 
through the x-ray tube - that is, during the standby or pre-exposure period. During the 
pre-exposure period, since no current is flowing through Rl, there is no voltage input 
to the coupling transformer CT, and therefore no voltage output. This means that the 
negative bias voltage applied to the grid of V2 is determined by the setting of the bias re¬ 
sistor R5. This is normally adjusted so that the plate current flow through V2 is 5 mil- 
liamperes. 

The flow of 5 milliamperes of plate current in V2, through resistor R3 and part of 
R6, produces a voltage drop that is applied to the grid of V3 R6 is adjusted so that the 
bias on the grid of V3 is such that 10 milliamperes of plate current flows through V3. 

The flow of these 10 milliamperes through R4 and part of R7 creates a voltage drop 
which is applied to the grid of V4. R7 is adjusted so that the negative bias on the grid of 
V4 results in the flow of 30 milliamperes through the plate circuit which includes, of 
course, the primary of the transformer OT. 


You will notice here again that, while the plate voltage supplied to V2 and V3 is 
furnished by a d-c power supply, the plate voltage supplied to V4 comes from the trans¬ 
former PT. As we pointed out before, it is necessary to use a pulsating plate voltage 
in order to provide a pulsating current through OT; otherwise, OT would have no output 
voltage. 




Digitized by Google 


146 


Original from 

UNIVERSITY OF MICHIGAN 







Summarizing the situation we see that, under standby or pre-exposure conditions, 
the voltage output of transformer OT is determined largely by the adjustment of the 
grid bias resistors R5, R6, and R7 that control the plate current flow through the tri- 
odes, V2, V3, and V4. This voltage output, having a known and fixed value is used in 
conjunction with the voltage from the autotransformer, adjusted by the filament limit¬ 
ing resistors FR, to feed the filament transformer, FT. 

In the diagram below you will see a modification of the preceding diagram through 
the addition of the portion surrounded by the dotted line. Here we see two voltage 
dividing resistors, R8 and R9, a voltage regulator tube, VR, and a relay, RE. The 
relay is arranged so that when you press the exposure button on the x-ray machine, 
the resistor R2 in the output circuit of the rectifier VI is connected to R8 instead of to 
R5. Now during the exposure, when current flows through the secondary of the high 
tension transformer and produces a voltage drop across Rl, the rectifier system, 
through its load resistor R2, tends to make the grid of V2 negative. However, the op¬ 
eration of the relay picks a voltage off of R8 that tends to make the grid of V2 positive. 
(See diagram on following page) 
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Thus, the net bias voltage on the grid of V2 depends on the difference between the 
voltage drop across R2 and the calibrating voltage picked off of R8. If this net voltage 
is the same as it was in the pre-exposure condition, when the setting of R5 determined 
the bias on the grid of V2, the voltage output of OT will not change, and the tempera¬ 
ture of the filament of the x-ray tube will remain at its pre-exposure value. This all 
means that the milliamperage flow is at the value you want it when, in adjusting the 
machine, you set the milliampe calibrator R8. 

Now let us assume that the milliamperage through the x-ray tube increases, for 
some reason or another. This causes the voltage drop across R2 to increase. This, in 
combination with the positive voltage picked off of the milliampere calibrator R8, will 
make the grid more negative than it was in the standby or pre-exposure condition, 
when its bias was determined by the setting of R5. As a result, the plate current 
through V2 will be reduced below the standby value of 5 milliamperes. 

Let us assume it is now only 3 milliamperes. The flow of 3 milliamperes through 
R3 and part of R6 will now produce 3 lower voltage drop, with the result that the grid 
of V3 is now less negative than it was in the standby condition. This will cause the 
plate current flow through V3 to increase, let us say to 15 milliamperes. As a result, 
the voltage drop across R4 and part of R7 will be greater than it was during the pre¬ 
exposure condition, so that the bias on the grid of V4 becomes more negative than it 
was in the standby condition. 

This, of course, reduces the plate current through V4, let us say to 2 $ milliam¬ 
peres, and thus reduces the voltage output of transformer OT. This in turn lowers the 
voltage applied to the primary of the filament transformer FT with the result that the 
filament temperature itself is reduced, thus lowering the milliamperage. 
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Summarizing, we see that, if the milliamperage flow through the x-ray tube is 
higher than is called for by the setting of the calibrator R8, the grid of the first tube 
becomes more negative than in a standby, and thus makes the plate current through 
V4 lower than in standby. This makes the voltage output of OT lower than it was in 
standby, and thus lowers the filament temperature to what it was during standby so 
that the milliamperage has the proper value. 

In exactly the same way, but with grid biases and plate currents changing in the 
opposite direction, a milliampere stabilizer will correct for a decrease in milliam¬ 
perage by raising the temperature of the filament of the x-ray tube. 

There are still some changes to be made in our basic circuit before we have a 
practical operating unit. For example, V2 and V3 will be consolidated in the form of 
one dual triode, and V4 will be replaced by two power triodes in a parallel circuit. 
However, these changes don’t have very much to do with the principles of its operation, 
so we will not discuss them at this moment. 

We will simply close by calling attention to the fact that, by using the character¬ 
istics of simple triodes in a d-c amplifier circuit, we have made a fast-acting stabil¬ 
izer that is entirely automatic in operation. 
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amount of energy is received by the control circuit, a trigger tube within the circuit 



SCANNING DISC 


The complete story is not told in the above diagram. The scanning disc, a very 
important part of the bucky phototimer, was purposely omitted. The scanning disc, as 
shown above, is an aluminum and lead disc into which geometrically arranged openings 
have been cut. These openings serve as scanning areas through which the x-radiation 
must pass before striking the fluorescent screen. 

Any one of three different scanning areas is used depending upon the anatomical 
region undergoing examination. A selector switch positions the desired opening under 
the cassette tray. Of the three scanning areas available, the four-hole group is the 
most useful and should be used for most regions of the body. However, phototiming 
small anatomical parts, the one-hole scanner must be used to eliminate the danger of 
the four-hole area extending beyond the region of the part. Were this permitted, the 
direct radiation striking the screen would terminate the exposure prematurely resulting 
in a light film. 

The sixteen-hole scanning area is particularly useful in radiographing large areas 
containing relatively opaque and non-opaque areas. Areas such as gastrointestinal 
tract, abdomen and A.P. pelvis fall within this category. Use of sixteen holes permits 
the phototube to integrate x-radiation passing through a large area and consequently min¬ 
imizes the effect that gas, bone or pathology may have upon the end result. It is obvious 
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that either the one or four-hole opening might scan just bone or soft tissue and not give 
an average for the area under consideration. 

It is of the utmost importance that technicians recognize the purpose of the scan¬ 
ning disc and take this into consideration when positioning the patient. Since the photo¬ 
tube must scan or view the part to be radiographed in order to time correctly, the 
patient must be positioned directly over the scanning area. For example, should the 
phototube scan lung tissue rather than the spine, when attempting to radiograph the 
A. P. thoracic spine, the phototimer will terminate too quickly and the film density 
will be light. 

To check positioning on the completed radiograph a set of three 14 x 17 transparent 
films, with holes cut in them to simulate the scanning areas, may be used. By placing 
these films over the radiographs one may easily observe the area scanned and deter¬ 
mine if the part was correctly positioned. 

Electronically, a phototimer consists of four basic parts - the phototube, timing 
capacitor, trigger tube and the termination relay. 


CATHODE 



The above diagram shows a simple phototube such as ones used in the photoelec¬ 
tric systems to open and close doors. Nearly everyone has seen one of these "electric 
eyes" in action. What actually took place was this - passing through a particular area 
interrupted a beam of light directed at a tube of this type. This activated the tube 
which in turn set another mechanism into motion to open the door. The phototube has 
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a light sensitive cathode. That is, the cathode emits electrons the instant it is hit by a 
light beam. Generally the emission is in proportion to the intensity of the light - the 
more intense the light, the greater the electron emission. These electrons may be 
attracted to the phototube anode and put to work. 

Phototubes, as used in phototimers, also serve as amplifiers. The feeble electron 
emission from the cathode is amplified as much as 100,000 times. After this amplifica¬ 
tion the phototube output is sufficient to act upon the second component of the elementary 
phototimer, the timing capacitor. 



CONDUCTOR DIELECTRIC 

PLATES (INSULATOR) 

A SIMPLE CAPACITOR 


The above diagram shows the construction of a capacitor. In a capacitor electrons 
may be trapped and held until needed. When a direct-current voltage is amplified 
across two plates, electrons are drawn from the capacitor plate connected to the posi¬ 
tive side of the battery, through the battery to the plate connected to the negative side 
of the battery. An unbalance is created and the capacitor is then said to be charged. 

If the direct-current supply voltage is removed, the charge, which amounts to an ex¬ 
cess of electrons on one plate and an equal lack of electrons upon the other, will remain 
until it leaks through the dielectric or is released through an outside conducting path. 

In a phototimer a predetermined charge is placed upon the timing capacitor plates 
by the technician. A suitable control, generally push buttons, enables the technician to 
select the charge desired and place this charge upon the capacitor.. 

The phototube and the timing capacitor work in conjunction with one another. Elec¬ 
trons are removed from the charged capacitor by the phototube and the discharge time 
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is used to control the x-ray exposure time. From the technician's viewpoint x-ray ex¬ 
posure time may be controlled by the charge placed upon the capacitor and by the 
amount of light viewed by the phototube. Charge, as mentioned previously, is predeter¬ 
mined by selection of the correct density push-button. Light as given off by the fluores¬ 
cent screen is determined by patient opacity, thickness of part, kvp and mas. Photo¬ 
tube activity is proportional to this light and the exposure will be terminated sooner if 
more light is given off by the fluorescent screen. 



Another important part of any phototimer is an on - off switch. The above diagram 
shows the thyratron gas filled tube used as a switch to activate the phototube - capacitor 
combination. This tube is essentially a triode tube consisting of a cathode, to emit elec¬ 
trons; an anode, to attract electrons; and a grid, to control the flow of electrons from 
cathode to anode. 

Multitudes of electrons are "boiled off" the cathode but cannot flow across the tube 
due to the negative potential placed upon the grid. This negative repelling potential is 
secured by connecting the grid to the negative terminal of the timing capacitor. Remem¬ 
ber, the timing capacitor is charged before the exposure, through the selection of the 
density push-button, by the technician. 

As the x-ray exposure begins, the timing capacitor is discharged by the phototube. 
The negative potential on the grid of the trigger tube becomes less and less. Finally, 
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when the grid reaches a potential of -2 volts the trigger tube (thyratron) conducts. 

That is, the grid is unable to stop the flow of electrons from the cathode to the anode 
any longer and the gas within the trigger tube ionizes. Once ionization has occurred the 
trigger tube may be said to turn the current flow on. Before ionization the grid held 
the current flow back or, in effect, the switch was off. 

It is relatively easy to connect the final component of our simple phototimer into 
the circuit. 


CONTACT 

POINTS 


MAGNETIC 
COIL ' 


CONTACTOR 



This component is a magnetic relay. The coil of this termination relay is a part of 
the cathode - anode circuit of the trigger tube and its contact points are connected to 
the magnetic contactor of the x-ray machine. When current flows through the trigger 
tube the coil of the termination relay is energized, the points open, thereby de-energiz¬ 
ing the magnetic contactor. Of course, when the magnetic contactor is de-energized 
the x-ray exposure is terminated. 

This discussion has been limited to the bucky phototimer. Spot-film phototimers 
are also manufactured and are equally useful. Every technician is familiar with the 
difficulties encountered by the radiologist during spot-film work. Different spot sizes, 
various amounts of compression, the use of stationary grids - all these serve to vaiy 
film density and make spot-film control settings difficult to pre-determine. A photo¬ 
timer that begins to function after the cassette shifts into the radiographic position 
compensates for all variables and maintains consistent density on the radiograph. 

The foregoing discussion suggests certain routines that the phototimer may elim¬ 
inate for the technician. Examples are, part thickness measurement, kilo-voltage and 
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milliampere - second calculation and certain control adjustments. The phototimer 
does not minimize the skill needed by the technician, rather it increases his respon¬ 
sibilities. When using the phototimer the technician can concentrate to a greater extent 
upon the patient, thereby creating more good will toward the x-ray department. Of 
more importance is the added skill required in patient posturing when using a photo- 
timer; the technician will require a greater knowledge of radiographic anatomy. Proper 
use of the phototimer will result in a uniform high quality diagnostic radiograph, per¬ 
mitting you to concentrate on positioning rather than technic. The phototimer is an 
asset to your field of endeavour. 
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CHAPTER m 


ANATOMY 

Anatomy is the science which deals with the structures and organs of the body 
and the relationship of one to another. 

In this section of the manual, the skeleton will be covered first and followed by 
the organs of the body. 

The skeleton is the bony framework of the body. It supports and gives shape to 
the body, protects vital organs, affords attachments for tendons, muscles and liga¬ 
ments and acts as joined members by which muscle movement may be accomplished. 

Cartilage or gristle is a tough fibrous substance found at the ends of bones. The 
hyaline cartilage forms the articular surface of bones, of the rib cartilages, rings of 
the trachea and bronchi and the nose. The white fibrocartilage occurs in interverte¬ 
bral discs, pubic symphysis and in cartilage of the ear, epiglottis, parts of the larynx 
and auditory tube. 

Endochondral bone is developed as follows: The cartilage of the skeleton is 
formed by the second month of pregnancy and ossification begins soon thereafter. Be¬ 
fore ossification the skeleton is covered with a membrane called perichondrium which 
is composed of two layers. The outer layer is fibrous in character. The bone forming 
cells are called osteoblasts. As cartilage changes into bone, the perichondrium 
changes into periosteum. 

The covering of bone is called periosteum and the lining of bone cavities is termed 
endosteum. The portion of bone responsible for strength and hardness is called com¬ 
pact tissue. Cancellous tissue is the inner spongy, porous section. The yellow mar¬ 
row is made up chiefly of fat. The red marrow contains little fat, but is supplied with 
blood and reddish colored cells called erythroblasts from which red blood cells are 
formed. The medullary canal is present in long bones. Bones receive their nutrition 
from two sources. Capillaries dip down into small pits in bone surfaces. There are 
one or more small arteries to each bone which extend down through small openings 
called nutrient foramina. The passages in compact bone are called haversian canals. 

Bone is made up mainly of calcium, phosphorus, mineral salts and ossein. The 
flexible substance of bone remaining after the mineral salts have been removed is 
called ossein. 

Bones are classified as long, short, flat and irregular. Long bones have two ex¬ 
tremities and a shaft. They are provided with a medullary canal which contains mar¬ 
row. The femur is an example of a long bone. Short bones are small and irregular in 
shape. They are made of cancellous tissue, except for a thin layer of compact tissue 
covering the surface. The bones of the wrist and ankle are examples of short bones. 

Flat bones afford extensive protection and broad surfaces for the attachment of muscles. 
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The skull bones, sternum and scapula are examples of flat bones. Irregular bones 
are those that cannot be placed in any other category because of their peculiar shape. 
A vertebra is an example of an irregular bone. 


t 

Joints are a means by which bones of the skeleton are connected together, finmov- 
able joints preserve the rigidity of bones that are joined, such as the bones of the skull. 
Movable joints permit movement of bones that are joined such as the bones forming the 
hip and shoulder. Partly movable joints permit some movement of bones, such as at 
the lower end of the tibia and fibula. Movable joints have a cavity separating the bones 
entering into them. Cartilage covers the articulating surface of bones in movable 
joints. In some joints there are also discs of cartilage in joint cavities. Ligaments 
hold bones together at the joints. They are made of tough, fibrous tissue. 

Movable joints are classified according to their movements. Gliding joints are 
those found between articular processes of the vertebrae. Hinge joints are those found 
in the elbow, knee, finger and toe joints. Ball and socket joints are those where the 
rounded head of one bone fits into the cavity of another as in the hip joint. Rotaxy 
joints are those in which one bone rotates on another that is stationary, such as the 
first and second cervical vertebrae. 

Joints permit movements which are accomplished by muscular action. Kinds of 
movement are defined as follows: 

1. Flexion: bending, such as raising the forearm. 

2. Extension: straightening or unbending, such as extending forearm. 

3. Abduction: moving away from the midline of the body, such as the humerus. 

4. Adduction: moving toward the midline of the body, such as the humerus. 

5. Pronation: turning downward, such as the palm of the hand. 

6. Supination: turning upward, such as the palm of the hand. 

7. Rotation: turning on its axis, such as the head on the neck. 

8. Eversion: turning outward, such as the lateral aspect of the foot raised. 

9. Inversion: turning inward, such as the medial aspect of the foot raised. 
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Hand 


The twenty-seven bones of the hand are divided into three parts, the wrist, the 
hand proper and the five digits or fingers. The bones of the wrist are eight in number 
arranged in two rows. There are four in the proximal row and four in the distal row. 
The carpal bones articulate proximally with the radius and distally with the metacarpus. 

The bones of the palm are five in number. Each bone has a base, shaft and head. 
The metacarpal bones articulate proximally with the wrist and distally with the phal¬ 
anges. 

The phalanges are fourteen in number, three in each finger and two in the thumb. 
In the fingers they are termed proximal, middle and distal. In the thumb they are 
termed proximal and distal. The proximal phalanges articulate proximally with the 
metacarpal s. 

hi the diagram the old terminology of the carpal bones is listed in parenthesis. 
The term pisiform is the same in both the old and the new terminology. 
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Arm 


The forearm consists of two bones, the ulna and the radius. They are both classed 
as long bones and artic ulate with each other at their proximal and distal extremities. 
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The ulna is the longer bone of the forearm and the proximal end is larger. It is 
located on the little finger side of the arm. The head and styloid process are located 
on the distal end. The olecranon process is on the proximal end. The trochlear notch 
is located anteriorly from the olecranon process. The trochlea of the humerus fits 
into the notch. On the proximal end, the radius articulates with the ulna at the radial 
notch. 
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TROCHLEAR 

NOTCH 



LATERAL VIEW 

LEFT ULNA AND RADIUS 


The radius is located on the thumb side of the arm. The head of the radius is 
round and smooth and is located on the proximal end. It articulates with the capitel- 
lum of the humerus. The radial tuberosity is on the medial aspect near the proximal 
end. The distal end of the radius is thicker than the proximal. The site of the Colles' 
fracture is at the distal end of the radius. 
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ANATOMICAL NECK 



ANTERIOR ASPECT OF PROXIMAL THIRD OF LEFT HUMERUS 


The humerus is the bone of the upper arm. The head, anatomical neck, greater 
tuberosity, lesser tuberosity, bicipital groove and surgical neck are all on the proxi¬ 
mal end of the humerus. 

1. Head: the head is a smooth rounded part which articulates with the glenoid 
cavity of the scapula. 

2. Anatomical Neck: the portion that separates the head from the tuberosities. 

3. Greater Tuberosity: the bony prominence on the lateral aspect of the humerus. 

4. Lesser Tuberosity: the bony prominence on the anterior aspect of humerus. 

5. Bicipital Groove: the trench-like area situated between the two tuberosities. 

6. Surgical Neck: the region immediately below the tuberosities where the proxi¬ 
mal end joins the shaft. It is not sharply defined, but it is given that name because it 
is frequently the site of a fracture. 
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The capitellum, trochlea, olecranon fossa, coronoid fossa, medial epicondyle 
and lateral epicondyle are on the distal end of the humerus. 

1. Capitellum: the smooth rounded knob found on the lateral side. The humerus 
articulates with the radius at this point. 

2. Trochlea: the wide, smooth, pulley-shaped surface located medially to the 
capitellum. It articulates with the trochlear notch of the ulna. 

3. Olecranon Fossa: the large depression located on the posterior surface. The 
olecranon process of the ulna articulates here with the humerus. 

4. Coronoid Fossa: the depression located on the anterior surface. The coro¬ 
noid process of the ulna articulates with the humerus at this point. 

5. Medial Epicondyle: the bony prominence on the medial side. 

6. Lateral Epicondyle: the bony prominence on the lateral side. It is not so 
prominent or as easily felt as the medial epicondyle. 
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Foot 


The twenty-six bones of the foot are divided into three parts, the tarsus, meta¬ 
tarsus and phalanges. The tarsal bones are seven in number arranged in a "U" shape 
starting with the calcaneus and ending with the talus. The tarsal bones are bound 
closely together by ligaments and the same is true of the carpal bones of the hand. 
The tarsal bones articulate proximally with the tibia and fibula and distally with the 
metatarsal bones. 

The metatarsal bones are five in number. Each bone has a base, shaft and 
head portion. They are similar to the metacarpals, but longer and thicker. The 
metatarsal bones articulate distally with the phalanges. 

The phalanges are fourteen in number, two in the great toe and three in each of 
the others. The great toe has a proximal and distal phalanx, while each of the other 
four have a proximal, middle and distal phalanx. 

In the diagram, the old terminology of the tarsal bones is listed in parenthesis. 
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Bones of the Leg and Thigh 


The tibia or shin bone is next in size to the femur. It has a shaft including a 
proximal and distal end. The condyles are located on the proximal end. Tne lateral 
condyle is on the fibula side and the medial condyle is on the opposite side. The 
spines are the most proximal portion of the tibia. The tubercle is at the proximal 
end on the anterior surface and is a small bony eminence. The medial malleolus is 
on the distal end. 


SPINES 



ANTERIOR VIEW 
RIGHT FIBULA AND TIBIA 

The fibula or pivot bone is the smaller of the two bones. It is located laterally 
from the tibia. It has a shaft and two extremities. The head is on the proximal end 
and it articulates with the tibia. The lateral malleolus is located on the distal end. 
The syloid process is the most proximal portion of the fibula. 



ANTERIOR VIEW OF PROXIMAL END OF LEFT FEMUR 
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The femur or thigh bone is the longest and largest bone of the skeleton. It has a 
shaft and two extremities. The femur transmits the weight of the body from the pelvis 
to the tibia. The proximal end is made up of the head, neck, greater trochanter and 
lesser trochanter. (The greater trochanter is an important landmark). The medial 
condyle, medial epicondyle, lateral condyle and lateral epicondyle are on the distal 
end. The wide, deep groove separating the two condyles is called the intercondylar 
notch. The smooth anterior portion at the distal end is the patella surface. 



INTERCONDYLAR NOTCH ANTERIOR VIEW LATERAL VIEW 


INFERIOR VIEW OF FEMUR 


PATELLA 


The patella or knee cap is the largest of the sesamoid bones. It is smooth on the 
posterior surface and articulates with the femur. It is somewhat triangular in shape 
with the apex pointing downward. 

Shoulder Girdle 

The clavicle or collar bone is a slender, elongated, somewhat S-shaped bone and 
it lies nearly horizontal in front of the upper portion of the thorax at the root of the neck. 
It articulates laterally with the scapula and medially with the sternum. (The degree of 
curvature varies considerably among individuals and sexes.) The acromio-clavicular 
Joint is between the clavicle and the acromion process of the scapula. The sterno¬ 
clavicular Joint is between the sternum and the clavicle. 
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SUPERIOR 
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The scapula or shoulder blade is a wide, flat, roughly triangular shaped bone. 
It has two surfaces: anterior and posterior; three borders: superior, lateral or 
axillary and medial or vertebral; and three angles: superior, inferior and lateral. 
The lateral angle is across the glenoid cavity. There are five main parts of the 
scapula as follows: 

1. Spine of Scapula - the bony ridge located on the posterior aspect of the 
scapula. It crosses the scapula transversely. 

2. Acromion Process - it is continuous with the spine of the scapula. It 
articulates with the lateral end of the clavicle. 

3. Coracoid Process - the bony, hook-like projection on the superior-anter- 
ic»*r portion of the scapula. 

4. Glenoid Cavity - a bony depression on the superior-lateral aspect of the 
scapula. The head of the humerus articulates with the scapula at this point. 

5. Body - the broad, expanded portion of the scapula. 
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LATERAL VIEW OF RIGHT SCAPULA 


The twelve pairs of ribs support the chest wall. They are thin, narrow curved 
strips of bone. Even though elongated, they are classed as flat bones. They are at¬ 
tached to the thoracic vertebrae posteriorly and curve around the sides of the chest, 
slanting downward and forward. Anteriorly each of the ribs, except the lower two on 
each side, end by joining a bar of cartilage called costal cartilage. The spaces be¬ 
tween the ribs are called intercostal spaces. The upper seven pairs of ribs are called 
true ribs because they articulate with the sternum. The five lower pairs are called 
false ribs because they do not articulate with the sternum. The 8th, 9th and 10th ribs 
are joined to the one above by cartilage. The Uth and 12th ribs are free and they are 
called floating ribs. The parts of a rib are the head, neck, tubercle, shaft and costal 
cartilage. 
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Sternum 


The sternum extends from the base of the neck to the upper abdomen and is part of 
the anterior thorax. It is divided into three parts, the manubrium body and xiphoid. 

The sternum is an elongated bone about six to eight inches long and shaped like a dagger. 

The manubrium is the widest portion of the sternum and articulates with the clavi¬ 
cles. The clavicular facets are on its superolateral aspects. The suprasternal notch, 
concave in shape, is between the two facets. The first pair of ribs articulate with the 
manubrium. (The body and manubrium are united by cartilage and do not fuse together 
until an advanced age). The second pair join the sternum laterally at the junction of the 
body and manubrium. 

The body or gladiolus is the central portion of the sternum and the longest of the 
three parts. There are four pairs of ribs along the lateral aspect of the body. 

The xiphoid or ensiform is the smallest and most inferior portion of the sternum. 

It is almost completely made up of cartilage. Its junction with the body, the xiphi¬ 
sternal joint, can be felt as a short transverse ridge. The ridge marks the lower limit 
of the thorax at the medial line in front. It is the landmark in the midline for the dia- 
phram, the upper surface of the liver and the lower border of the heart. The seventh 
pair of ribs articulate with the sternum laterally at the junction of the body and xiphoid. 


Pelvis 


The pelvis is a basin-shaped ring of bone at the inferior extremity of the trunk. 

It supports the spinal column and rests upon the lower extremities. The bony pelvis 
is made up of the two hip bones (innominates) and the portions of the backbone or ver¬ 
tebral column, the sacrum and the coccyx. 

The innominate_bones form the lateral and anterior walls of the pelvis. Each of 
them articulate with the sacrum at the sacro-iliac joint posteriorly and 
anteriorly at the symphysis pubis. Each bone is made up of three parts In early life, 
the ilium, ischium and pubis. After puberty they all become one. They all have a 
junction at the acetabulum, a cup-shaped cavity, with which the head of the femur 
articulates. 

The ilium is the largest portion of the innominate bone and has two parts, the ala 
and the body. The ala is the broad expanded portion of the ilium, ft serves as a sup¬ 
port and protection of the abdominal viscera. Its upper border is a thick, rough ridge 
ending anteriorly in a prominent bony projection called the anterior superior spine. 
The body, extending interiorly from the ala, enters into the formation of two-fifths of 
the acetabulum. 
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The Ischium is the thickest and strongest of the three parts of the innominate bone. 
It comprises two-fifths of the acetabulum and extends inferiorly, posteriorly and medi¬ 
ally from that point. The anterior portion extends forward to Join the pubis. The spine 
of the ischium is backward and medially from the upper and posterior border. 

SACRO - ILIAC JOINTS 



Anterior View of Pelvis 


The pubis extends forward and medially from the acetabulum. The two pubic por¬ 
tions of the innominate bones articulate with each other forming the symphysis pubis. 
The pubis makes up one-fifth of the acetabulum. 

The sacro-iliac joints are located between the sacrum and the ilium portion of the 
innominate bones. 

The obturator foramen is located interiorly and medially from the acetabulum. It 
is bounded by the pubis and the ischium. 

Cervical Vertebrae 

The cervical vertebrae constitute the bony structure of the neck, and form a very 
flexible part of the vertebral column. The cervical spine is composed of seven bones. 
They are smaller than the vertebrae that make up the remainder of the spinal column. 
The parts of a vertebra are the body, neural arch, vertebral foramen, spinous process, 
transverse processes, articular processes, lamina, pedicles and transverse foramina. 

1. Body - the anterior portion of a vertebra. It is the weight bearing section. 

2. Neural Arch - the bony portion that borders the vertebral foramen laterally and 
posteriorly. It protects the spinal cord. 
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3. Vertebral Foramen - it encircles the spinal cord. The vertebral foramina 
form the vertebral canal for the spinal cord. 

4. spinous Process - the portion extending posteriorly for the attachment of 
muscles and ligaments. The second vertebrae through the sixth are often cleft in 
two, or bifid (forked). 

5. Transverse Processes - a pair on each vertebra extending laterally. They 
afford attachments for muscles and ligaments. 

6. Articular Processes - a superior and inferior pair on each vertebra. They 
are located laterally from the vertebral foramen. (All vertebrae of the cervical, 
thoracic and lumbar regions have two pairs of articular processes). 

7. Transverse Foramina - located on the transverse processes near the artic¬ 
ular processes. They are openings through which the vertebral artery passes. The 
two vertebral arteries run through the upper six pairs of openings. 

The first cervical vertebra is called the atlas and has very little movement. It is 
made of a ring of bone, having no body or spine. (A spine would hamper backward 
movement of the head). The front portion of the ring of bone is called the anterior 
arch and the back portion is called the posterior arch. The posterior is much longer. 
The transverse processes extend farther laterally than any of the other cervical ver¬ 
tebrae. The atlas supports the skull. 

The second cervical vertebra is called the axis; it is the thickest and strongest 
bone composing the cervical vertebrae. A thick process stands up from the upper sur¬ 
face of the body called the odontoid process. When the head is turned from side to 
side, the atlas, cariying the skull, pivots around the odontoid process, hence the 
name "axis." ft is between the atlas and the axis that most of the movement of the 
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head takes place. The spinous process is very thick compared with those on the 
other cervical vertebrae. The vertebrae are veiy similar from the third to the 
sixth inclusive. 


The seventh vertebra differs from the rest in that the spine is long, and is not 
bifid, but is thickened at its free end. The posterior root of the transverse process 
is a relatively wide triangular plate. The anterior root is slender and the anterior 
tubercle is often absent; but in some rare cases the anterior root is large and separ¬ 
ate, forming a cervical rib. Two vertebral veins pass through the small transverse 
foramina. 


SPINOUS PROCESS 



SUPERIOR VIEW OF TYPICAL VERTEBRA 
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Thoracic Vertebrae 


There are twelve thoracic or dorsal vertebrae. They are medium in size and in¬ 
crease in size from above downwards. The distinctive characteristic of these verte¬ 
brae is that they all have facets on their sides for the articulation with the heads of 
ribs. The bodies of the upper eight articulate with two pairs of ribs. The pair with 
which it corresponds numerically and the pair below. For example, the body of the 
first articulates with the heads of the first pair of ribs and the upper part of the second 
pair. The second body with the lower part of the heads of second pair, and the upper 
part of the third pair; and so on through the eighth body. The bodies of the lower four 
articulate only with the pair of ribs with which they correspond numerically. 

The tubercle of each rib rests on the transverse process of the thoracic vertebra 
with which it corresponds numerically. This is true, with the exception of the floating 
ribs, they do not articulate with the transverse processes. The bodies of the thoracic 
vertebrae are larger than those of the cervical region. The vertebral foramina are 
smaller; there is less motion in the thoracic region. The spines are unlike those of the 
cervical vertebrae in that they extend down in somewhat of an inferior-posterior direc¬ 
tion. The seventh thoracic vertebra is at the level of the inferior angle of the scapula. 

Lumbar Vertebrae 


They are five in number and are also called by number from the top downward. 
There are no bony articulations, except those for articulation with other vertebrae. 
The lumbar vertebrae are larger in size than the cervical and most thoracic. A con¬ 
genital abnormality of the neural arch without profusion of the cord and its membranes 
is called a spina bifida occulta. The bodies of the lumbar vertebrae are large; they 
are almost two inches wide at their widest part in the mature adult. The umbilicus or 
navel is directly anterior from the intervertebral disc that lies between the bodies of 
L-3 and L-4 in the average person. L-4 is at the level of the highest part of the iliac 
crest. The vertebral foramina are triangular in outline with rounded comers and 
larger than in the thoracic region. The spinous processes are large and hatchet¬ 
shaped. They project out almost horizontally. 

Sacrum 


The sacrum is a large bone made up of five sacral vertebrae, which are fused to¬ 
gether in order to increase the stability of the pelvis, ft is located between the two hip 
bones and forms the greater part of the posterior wall of the pelvic cavity. The sacrum 
has the form of an Inverted triangle and is held in place by very stong ligaments. The 
sacral foramina are the four pairs of holes that serve as passageways for the sacral 
nerves. The vertebral foramen is a large opening behind the body and it leads into a 
tunnel called the sacral canal. The superior articular processes are located on the 
posterior-superior aspect of the sacrum for articulation with the inferior processes of 
the fifth lumbar. This is called the lumbosacral articulation. 
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Coccyx 


It is the lowest or most inferior portion of the spinal column. The coccyx is 
usually made up of four segments or incomplete vertebrae which may be fused to¬ 
gether. It is more rudimentary or imperfect than any of the other vertebrae. It is 
triangular in outline with the apex below, as is true of the sacrum. The articular 
area at the superior aspect of the coccyx is called the sacrococcygeal articulation. 
The curvature of the sacrococcygeal region is downward and forward. Considering 
the four incomplete segments of the coccyx there are usually thirty-three vertebrae 
in the spinal column. 

Skull. 

The skull is the bony framework of the head. The six bones of the inner ears 
are too small to be x-rayed satisfactorily, therefore, only twenty-two bones are 
considered radiographically. The skull is divided into two parts, the cranium and 
the facial bones. The cranium is made up of eight flat bones united by sutures, 
forming the cranial cavity. The upper wall of the cavity is called the vault of the 
skull and the floor is known as the base of the skull. There is an opening for the 
passage of the spinal cord in the base of the skull called the foramen magnum. 
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The occipital bone is located at the back and base of the skull. S forms and con¬ 
tains the foramen magnum. The occipital protuberance is a bony prominence on the 
posterior portion of the occiput. It is used as a landmark when positioning a patient 
for a Towne's view of the skull. An occipital condyle is located on either side of the 
foramen magnum. 

There are two temporal bones, one on either side of the cranium, making up a 
portion of the lateral walls and base of the skull. The petrous portion of the tempor¬ 
al bone is hard and dense. It houses the auditory canal. The squamous portion is the 
thin and expanded, scale-like part extending up the lateral wall. 



RIGHT HALF OF SKULL 


The zygomatic process extends forward from this portion of the temporal bone. 
The mastoid process is the portion of the temporal bone extending downward behind 
the ear. The styloid process is a slender projection, about an inch long, located 
anteriorly and medially from the lower portion of the mastoid process. It serves as 
an attachment for ligaments and muscles. (A ligament extends from there to the 
hyoid bone of the throat). 
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The two parietal bones form most of the lateral and upper walls of the cranium. 
They articulate with each other at the midline, with the occipital posteriorly and the 
frontal anteriorly. The top or crown of the head is called the vertex. 

The sphenoid bone lies in the anterior part of the base of the skull and articulates 
with the other seven bones of the cranium. K is composed mainly of the body and two 
greater wings. The greater wings of the sphenoid extend up the sides of the cranium, 
Just anterior to the temporal bones. They are shaped somewhat like a bat's wings. 
The body extends across the floor of the cranial cavity. The sphenoid sinuses are 
located anteriorly and interiorly from the sella turcica. The sella turcica, resem¬ 
bling a turkish saddle, extends up from the mid portion of the body of the sphenoid. 
(When taking a true lateral view of the skull, the sella turcica must be in the path of 
the central ray). The path of the central ray should be at a point one-half inch super¬ 
ior to and one-half inch posterior to the center of Reid's base line. Reid's base line 
is an imaginary line extending from the outer canthus of the eye to the external audi¬ 
tory meatus. The superior orbital fissure is situated in the sphenoid bone, while the 
inferior orbital fissure is a sphenomaxillary fissure. (Nerves and vessels of the 
eyes pass through these fissures.) The optic foramen, the passageway for the optic 
nerve (nerve of sight) and the ophthalmic artery, is also situated in the sphenoid. 
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The frontal bone forms the forehead and also enters into the formation of the 
roof of the orbital and nasal cavities. It contains the frontal sinuses. The sharp, 
prominent arch formed by the part of the frontal bone over the eye is called the 
supra-orbital or superciliary ridge. The prominence between the supra-orbital 
margins is called the glabella. 

The ethmoid bone lies in the anterior portion of the cranium. It forms part of 
the orbits, nasal fossa and the base of the cranium. It houses the ethmoid sinuses. 

Planes 


1. Mldsagittal : divides the skull into right and left halves. 

2. Vertical : passes through between the external auditory meatuses and is per¬ 
pendicular to the horizontal plane. 

3. Horizontal : passes through the inferior margin of both orbits and the super¬ 
ior margin of both external auditory meatuses. 

4. Occlusal: an imaginary surface between the upper and lower teeth. 

Sutures 


1. Sagittal: Joining of two parietal bones at top of skull. 

2. Coronal : unites the frontal with the parietals and joins with the sagittal. 

3. Lambdoid: unites the occipital and parietal bones. 

4. Squamosal: two in number and unites the temporal bones with the parietal 
bone. 

Note : Fontanel is a soft spot located on top of a baby's head. One is located at 
the junction of the coronal and sagittal sutures. A smaller one is located at the junc¬ 
tion of the sagittal and lambdoid sutures. The fontanels are growth centers. 

Facial Bones 


This portion of the skull is composed of fourteen bones. The bones of the face 
are in pairs with the exception of the vomer and the mandible. 

The nasal bones are small oblong bones placed side by side at the middle and 
upper part of the face. The bridge of the nose is formed by their junction. The junc¬ 
tion of the frontal and nasal bones is called the nasion. 

The vomer is located at the lower and posterior part of the nasal cavity. It 
forms part of the nasal septum. 

The inferior turbinates are located in the nostrils on each lateral wall. Each 
one consists of a thin layer of cancellous bone curled upon itself, ft is similar to a 
scroll; hence the name turbinate. 
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The lacrimal8 are the smallest and most fragile bones of the face. They are 
located on the lower portion of the inner wall of the orbits. The lacrimals are about 
the size, shape and thickness of a little fingernail. They contain part of the canal 
through which the tear duct passes; hence the name lacrimal. 

The malar or zygomatic bones form the prominence of the cheeks and part of 
the outer wall and floor of the orbits. 

The palate or palatine bones are shaped like the letter "L" and form the poster¬ 
ior part of the roof of the mouth. They also form part of the floor and outer wall of 
the nasal fossae and a very small portion of the floor of the orbits. 
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The maxillary bones form the upper jaw and are the principal bones of the face. 
Each assists in forming part of the floor of the orbit, floor and outer wall of the nasal 
fossa and the greater part of the roof of the mouth. The body of each bone is hollowed 
out into a large cavity, the antrum of highmore, containing a maxillary sinus. The 
maxillary sinuses open into the nasal cavity. (The paranasal sinuses add resonance to 
the voice). 
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The mandible or lower jaw is the largest and strongest bone of the face. It is 
made up of several parts. 
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1. Temporomandibular Joint : An articulation between the condyloid process of 
the mandible and the temporal bone. 

2. Condyle or Condyloid Process : The posterior projection at the top of the man¬ 
dible. 

3. Coronoid Process : The anterior projection at the top of the mandible. 

4. Notch : The saddle-like depression formed between the condyle and the coro¬ 
noid process. 

5. Ramus : The perpendicular portion of the mandible. 

6. Angle : The point where the ramus meets the lower border of the mandible. 

7. Body : The area between the angle and the symphysis. 

8. Symphysis : The section at midline of the mandible with a bony ridge extend¬ 
ing up from the chin. 

9. Alveolar Process: It forms the socket area for the teeth. 

The hyoid bone is an isolated "U" shaped bone lying in the front portion of the 
throat, just above the laryngeal prominence (Adam's Apple). 

There are three named facial cavities, the orbital, nasal and oral. The orbital 
cavities pertain to the sockets of the eyes, the nasal to the nose and the oral to the 
mouth. 

There are two hundred and six bones in the human body including the six audi¬ 
tory ossicles. 

Fractures 

A fracture is a break in the continuity of a bone. There are two classes of frac¬ 
tures. A simple or closed fracture is one in which there is no break in the skin. A 
compound or open fracture is one in which there is an opening or break in the skin. 

There are several types of fractures and the following are the five main types: 
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1. Greenstlck: One side of the bone is broken and the other side is Intact. 

2. Spiral: The bone is twisted apart resulting in a "spiral-shaped" fracture. 

3. Transverse : A fracture at a right angle to the long axis of a bone. 

4. Comminuted : The bone is splintered or crushed. 

5. Impacted : A fragment or portion of a bone is firmly driven into another, 
the two remaining tightly wedged. 


Teeth 


There are two sets of teeth, the temporary or deciduous and permanent. The 
temporary teeth are twenty in number and usually erupt between the ages of six 
months and three years. The permanent teeth are thirty-two in number and usually 
replace the first set between the ages of six and 21 years. In the adult there are six¬ 
teen teeth in each jaw, four incisors, two cuspids, four bicuspids and six molars. The 
two posterior molars in either jaw are called wisdom teeth. 

A tooth is made of three main parts, the root, neck and crown. The root is em¬ 
bedded in the alveolar process and is covered with a substance called cement. The 
neck is located between the root and the gum line. Its hard, protective covering Is 
called dentin. The crown is the area of a tooth above the gum line. The covering Is 
much harder than that of the neck and is called enamel. 

The surface areas of a tooth are as follows: 

1. Distal : The area toward the back of the mouth. 

2. Occlusal : Chewing surface. 

3. Medial : The area toward the front of the mouth. 

4. Facial: The part next to the cheeks or lips. 

5. Lingual : The portion on the tongue side. 
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THE ORGANS 


Brain 


The brain or encephalon Is the center of the nervous system. It is a complex 
mass of nerve tissue weighing about three pounds. It fills the cranial cavity and is 
continuous with the spinal cord. There are three membranous coats covering the 
brain, the outer or dura mater, the middle or arachnoid and the inner or pia mater. 
There are two layers of matter, the gray matter and white matter. The white matter 
is the innermost layer. 

The brain Is divided into three main parts, the forebrain, midbrain and hindbrain. 
The forebrain consists of the cerebaral hemispheres and other bodies, the midbrain 
connects the pons and cerebellum with the forebrain and the hindbrain consists of the 
medulla oblongata, pons and cerebellum. 

There are four functional parts of the brain, the cerebrum, cerebellum, pons 
and medulla oblongata. 

1. The cerebrum is divided into two hemispheres by fissures and into lobes that 
are named after bones of the cranium near which they lie. Most of the thinking and 
higher emotions take place in the cerebrum. 

2. The cerebellum or little brain is within the posterior part of the skull between 
the occipital lobes of the cerebrum. It is somewhat oval in shape and consists of two 
lateral hemispheres and a central portion called the vermis. The principal function 

of the cerebellum is the coordination of movements and the maintenance of equilibrium. 

3. The pons is smaller than the cerebellum. It is a roughly-shaped, white mass 
lying in the midline of the cranial cavity at the base of the skull. It connects the mid¬ 
brain with the medulla oblongata. 

4. The medulla oblongata or spinal bulb extends in almost a vertical direction 
from the lower margin of pons above, through the foramen magnum below, to the 
level of the upper border of the atlas. It is made up mostly of nerve fiber. Nerves 
cross from one side to the other and this is the reason that one side of the brain con¬ 
trols the other side of the bocty and vice versa. Its functions are largely conduction, 
reflex action and involuntary action. The function of conduction is especially import¬ 
ant as it conducts all impressions passing between the brain and the spinal cord. 
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CEREBRUM 



CEREBELLUM 


There are four communicating cavities in the brain called ventricles. There are 
two lateral ventricles, one in each cerebral hemisphere. The third lies in the lower 
portion of the cerebrum and communicates with both lateral ventricles. The fourth 
ventricle is located between the pons and cerebellum. It has communication with the 
third ventricle. 

Cerebrospinal fluid is the clear, colorless fluid that occupies the space in the ven¬ 
tricles and is formed by the choroid plexuses found in all four ventricles. This fluid 
is enclosed in its own circulatory system passing between the ventricles through the 
foramen of Munro into the 3rd ventricle and then via the aqueduct into the 4th ventricle. 
Here it may escape through the medial foramen of Magendie or the two lateral foramina 
of Luschka into the subarachnoid spaces and flow over the surface of the brain acting as 
a shock absorber for the brain, or it may continue down the central canal of the spinal 
cord and be returned by means of the subdural and arachnoid spaces. The spinal fluid 
acts as an interchange system for metabolic products. 

Spinal Cord 

The spinal cord is part of the central nervous system. It lies in the upper two- 
thirds of the spinal canal and extends down to the upper border of the second lumbar 
vertebra. It is approximately eighteen inches long and is surrounded by cerebro¬ 
spinal fluid in the spinal canal. The meninges envelop the spinal cord, as well as 
the brain. 
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Gastro-Intestinal Tract 


The gastro-intestlnal tract or alimentary canal is a continuous tube extending 
from the mouth to the anus. It Is about twenty-eight to thirty feet long. The gastro¬ 
intestinal tract is composed of the mouth, pharynx, esophagus, stomach, small in¬ 
testine and large intestine. 
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1. Mouth : It is oval in shape and contains the teeth and tongue, ft opens poster¬ 
iorly into the pharynx and is separated from the pharynx by the uvula. The uvula is 
a flap of tissue extending interiorly from the soft palate. 

2. Pharynx : A muscular, elastic tube communicating with the esophagus, ft is 
about two and a half Inches long. 

3. Esophagus : A muscular tube about ten inches long that pierces the diaphragm 
and opens into the stomach at the cardiac orifice. 

4. Stomach: A hollow muscular organ about ten inches long. It is the mixing vat 
for food and has a normal capacity of about two and a half pints. The stomach is 
made up of three main parts, the fundus, body and antrum. Peristalsis is a wave¬ 
like contraction of the gastro-intestinal tract by which its contents are moved forward. 
The lining of the stomach is thrown into folds called rugae. After the gastric juices 
have worked on the food it becomes a viscid fluid called chyme. 



5. Small Inteatiiw a tube about twenty-three feet long, extending from the pylor¬ 
ic orifice to the ileocecal orifice. The small intestine is made up of three parts, the 
duodenum. Jejunum, and ileum. The duodenum is the first part of the intestine and 
about one foot in length, ft forms an irregular horseshoe-shaped curve and is attached 
to the posterior abdominal wall. The enlarged portion of the duodenum next to the 
pyloric orifice is called the duodenal cap. The jejunum is about nine feet long. It is 
attached to the posterior wall of the abdomen by the mesentery. The mesentery is a 
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Gastro-Intestlnal Tract 


The gastro-intestlnal tract or alimentary canal is a continuous tube extending 
from the mouth to the anus. It is about twenty-eight to thirty feet long. The gastro¬ 
intestinal tract is composed of the mouth, pharynx, esophagus, stomach, small in¬ 
testine and large intestine. 
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1. Mouth : It is oval in shape and contains the teeth and tongue, ft opens poster¬ 
iorly into the pharynx and is separated from the pharynx by the uvula. The uvula is 
a flap of tissue extending inferiorly from the soft palate. 

2. Pharynx : A muscular, elastic tube communicating with the esophagus, ft is 
about two and a half inches long. 

3. Esophagus : A muscular tube about ten inches long that pierces the diaphragm 
and opens into the stomach at the cardiac orifice. 

4. Stomach: A hollow muscular organ about ten inches long, ft is the mixing vat 
for food and has a normal capacity of about two and a half pints. The stomach is 
made up of three main parts, the fundus, body and antrum. Peristalsis is a wave¬ 
like contraction of the gastro-intestinal tract by which its contents are moved forward. 
The lining of the stomach is thrown into folds called rugae. After the gastric juices 
have worked on the food it becomes a viscid fluid called chyme. 



5. Small Intestine : A tube about twenty-three feet long, extending from the pylor¬ 
ic orifice to the ileocecal orifice. The small intestine is made up of three parts, the 
duodenum, jejunum and ileum. The duodenum is the first part of the intestine and 
about one foot in length, ft forms an irregular horseshoe-shaped curve and is attached 
to the posterior abdominal wall. The enlarged portion of the duodenum next to the 
pyloric orifice is called the duodenal cap. The jejunum is about nine feet long. It is 
attached to the posterior wall of the abdomen by the mesentery. The mesentery is a 
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fold of peritoneum (connective tissue) which connects the small intestine to the poster¬ 
ior wall. The ileum is the third part and is about thirteen feet long. It opens into the 
cecum of the large intestine through the ileocecal orifice. This opening is guarded by 
the ileocecal valve, which prevents regurgitation of the contents of the large intestine. 
Food passes through the walls of the intestine and into the blood stream by way of the 
villi. They are minute, cylindrical-shaped projections of the mucous membrane. Food 
is in the form of a milky fluid called chyle as it is absorbed into the blood. 



REGIONS OF ABDOMEN 


Large Intestine 

The large intestine begins on the right side of the body about two and a half inches 
below the ileocecal Junction and extends to the anus. It is about five feet long and made 
up of several parts. 

1. Cecum : It is a blind pouch at the beginning of the large intestine. The vermi¬ 
form appendix extends downward from the medial-posterior aspect of the cecum. The 
appendix is a narrow, worm-like tube about the diameter of a pencil and approximately 
three to seven inches long. 

2. Ascending Colon : The section extending up from the cecum. 
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3. Hepatic Flexure : The portion between the ascending colon and the transverse 
colon. It curves to the left at the lower border of the liver. 


4. Transverse Colon: The part of the intestine extending across to the left side of 
the body. 

5. Splenic Flexure: The portion that curves upward and then downward in the area 
of the spleen. 

6. Descending Colon : The portion of the Intestine extending down the left side of 
the body. 

7. Sigmoid Colon: The part that extends from the inferior portion of the descend¬ 
ing colon to the rectum. 

8. Rectum : The dilated portion of the Intestine that joins the anal canal. 

9. Anal Canal: The terminating portion of the intestine. 

10. Anus : The orifice of the anal canal leading to the exterior. 

Pancreas 



ANTERIOR VIEW OF ABDOMINAL CAVITY 
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Accessory Organs 


There are several organs that aid in digestion. 

1. Salivary glands : There are three pairs of salivary glands located bilaterallv 
and emptying into the mouth. The parotid gland is located anteriorly and inferiorly 
from the zygomatic arch. Stenson's duct extends from the parotid and opens into the 
mouth on the inner surface of the cheek at the level of the upper second molar. The 
sub maxillary or submandibular gland is located near the angle of the lower jaw and 
empties into the mouth through Wharton's duct. The sublingual is located beneath the 
tongue and below the mucous membrane of the floor of the mouth. There are several 
small ducts leading from this gland, however, the main one is called the duct of 
Bartholin. The parotids are the largest and the sublinguals are the smallest salivary 
glands. The ducts of Bartholin and Wharton's ducts empty into the mouth on either 
side of the frenulum of the tongue. 

2. Pancreas ; Most of the pancreas is located behind the stomach. It lies trans¬ 
versely along the posterior abdominal wall and is composed of a head, neck, body and 
tail. The head is at the right of the second lumbar vertebra and is housed in the con¬ 
cavity of the duodenum. The tail of the pancreas touches the spleen. The pancreatic 
duct or duct of Wirsung passes lengthwise through the pancreas and empties into the 
duodenum. The pancreas secretes hormones and enzymes that aid in the digestion of 
food. The islands of Langerhans are contained in the pancreas and produce insulin. 

A lack of insulin results in diabetes. 



COMMON BILE DUCT 


3. Liver : The largest and heaviest organ of the body, weighing about fifty to sixty 
ounces. It is also the largest gland. The liver is wedge-shaped, with the widest part 
being toward the right side of the body, ft is composed of five lobes and the vessels, 
ducts and nerves enter and leave the liver through the lower posterior portion of the 
right lobe. It extends up to a point on the fifth rib at the nipple line, and the lower 


Digitized by Google 


196 


Original from 

UNIVERSITY OF MICHIGAN 



portion Vb at the level of the right axillary line of the tenth rib. The blood supply to 
the liver Is through, the hepatic artery and portal vein. The hepatic vein carries the 
blood to the Inferior vena cava from the liver. The liver has several functions, two 
of them are as follows: the production of bile and a filtering agent for blood. It pro¬ 
duces about five to eight hundred cubic centimeters of bile per day. The bile leaves 
the liver through the hepatic ducts and joins with the cystic duct of the gallbladder. 
The two ducts join, and become the common bile duct, which empties into the duode¬ 
num. 


UPPER SURFACE 



4. Gallbladder : It is a pear-shaped sac located in the gallbladder fissure on the 
under surface of the liver about two inches from the spine. It is about four inches 
long and one inch wide. The gallbladder is a reservoir for bile. 

The Spleen and Other Ductless Glands 

The term ductless glands refers to those organs whose function is to produce 
special secretions containing hormones, which are discharged into the blood or lymph. 
A hormone is a chemical substance produced in a more or less distant organ which, 
carried by the blood or lymph to a functionally associated organ, excites the latter to 
activity. The glands generally thought of as ductless glands are the pineal body, pitui- 
tarybody, thyroid, parathyroids, thymus, and suprarenals or adrenals. The spleen, 
though it has no ducts, has not been found to have an internal secretion, and therefore, 
while anatomically a ductless gland, physiologically it is not a gland of internal secre¬ 
tion. The spleen is located directly beneath the diaphragm, behind and to the left of the 
stomach, and in front of the upper portion of the left kidney. It varies greatly as to 
shape and size and weighs approximately five to eight ounces. Its main functions are 
to produce blood and fight disease. Some other glands in the body that have ducts, as 
the pancreas and the gonads (testes and ovaries), also form internal secretions that 
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are discharged directly into the blood and therefore act as ductless glands in addition to 
their more obvious functions. There are a few other ductless glands which will not be 
described in this section. 

1. Pineal body : It is a small gland located above and behind the pituitary body. It is 
generally believed that the pineal bocty has an internal secretion which counteracts some 
of the functions of the pituitary and especially the stimulation of the gonads. It is also 
necessary for the proper development of the eyeballs. People have very small eyes as 

a result of its absence. 

2. Pituitary body; It is a small, somewhat oval-shaped gland which hangs down from 
the under surface of the brain and is protected by the sella turcica. This gland is com¬ 
posed of an anterior and posterior lobe. There are hormones secreted by the anterior 
lobe affecting thyroid metabolism, carbohydrate metabolism, sex and growth. The hor¬ 
mones secreted by the posterior lobe stimulate several things; two of them are for rais¬ 
ing blood pressure and constricting arteries. Dwarfs and giants result from improper 
functioning of the hormones of the anterior lobe which affect growth. 

3. Thyroid ; It is made up of two lobes, one on each side of the larynx. The thyroid 
is located anteriorly in the neck at the junction of the trachea and the laiynx. It secretes 
Thyroxin and has a definite influence on body growth and nervous stability. In goiter 
cases, there is an extreme nervousness, quickened heart action. Increased metabolism, 
and in some cases protrusion of the eyeballs. 

4. Parathyroids : They are located on or near the posterior aspect of the thyroid, two 
on each side. The internal secretion regulates calcium metabolism which is very import¬ 
ant in blood, bones and other tissue. It is also believed to aid in neutralizing some toxic 
substances. The removal of the parathyroids is followed by an acutely toxic condition 
and death. 

5. Thymus : It is located behind the sternum and varies in size with different indi¬ 
viduals and ages. It is believed to affect body growth and the development of reproductive 
organs. 

6. Suprarenale: They are made up of two glands, one resting on the upper pole of 
each kidney. These glands consist of two portions, the medulla and cortex. The medulla 
or inner portion secretes adrenalin and regulates temperature, as well as blood pres¬ 
sure. The cortex secretes hormones and regulates water and salt metabolism. 

Urinary System 

This.system is made up of four main parts, the kidneys, ureters, urinary bladder 
and urethra. The kidneys are located laterally from the spine at the level of the area 
between the twelfth thoracic vertebra and the third lumbar vertebra. They are in the 
retroperitoneal space and the right one is slightly lower than the left. There is a deep 
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depression on the medial aspect of each kidney called the hilum, through which the 
nerves and blood vessels enter and leave. 


R. Kidney 



ANTERIOR VIEW OF EXCRETORY 
SYSTEM 

The collecting ducts empty urine by way of the papillae into small funnel-shaped 
structures called calyces. The pelvis of the kidney is the funnel-shaped structure which 
collects the urine from the calyces and carries it to the ureters. The ureters are ducts 
about eighteen inches long that carry the urine from the kidneys to the urinary bladder. 
There is usually only one of these ducts leading downward from each kidney. The uri¬ 
nary bladder is located behind the pubis and has an average capacity of one pint. The 
urethra is a membranous tube extending from the urinary bladder to external urethral 
orifice or opening. 
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The male urethra is divided into three parts, the prostatic, membranous and penile. 
The prostatic portion, surrounded fay the prostate gland, is about one inch long. The 
membranous portion pierces the urogenital diaphragm and is about one-half inch long. 
The penile portion is the inferior part which lies along the base of the penis. B is about 
six inches long. The female urethra is a short tube leading from the urinary bladder to 
the external urethral orifice. This orifice lies between the clitoris and the external 
vaginal orifice. Unlike in the male, the female urethra is not a part of the female re¬ 
productive system. 

Male Reproductive Organs 

The male genital organs consist of ten main parts; the testis, epididymis, ductus 
deferens or vas deferens, seminal vesicle, ejaculatory duct, bulbo-urethral or cowper's 
gland, prostate, scrotum, penis and urethra. 

The testes are two glandular organs suspended from the in guinal region by the sper¬ 
matic cord. The spermatic or sperm cells pass from the tubules or tubular glands to 
the epididymis. The function of the testes is to produce sperm cells (also called sperma¬ 
tozoa) and male hormones. 

The epididymides are two in number. The tubules unite to form a single tube which 
coils upon itself on the posterior aspect of the testicle and is called the epididymis. At 
the lower end of the testicle, the epididymis joins the ductus deferens. 
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There are two ductus deferens. This duct extends up the posterior surface of the 
testicle and continue s up through the Inguinal canal to the inferior end of the seminal 
vesicle. 

The ejaculatory duct extends from the seminal vesicle and ductus deferens junction 
to the prostatic portion of the urethra. 

The seminal vesicles are two in number, and, are situated between the rectum and 
the urinary bladder. They are reservoirs for semen. Semen is composed of sperm 
cells, seminal vesicle secretion, prostatic secretion and bulbo-urethral secretion. 

The cowpfer's glands are two small bodies the size of a pea located one on each 
side of the membranous urethra and opening into it. They secrete a fluid which forms 
|&rt of the seminal fluid. 

The prostate surrounds the upper portion of the urethra and it secretes a fluid to 
keep sperm mobile. 

The scrotum is a muscular, membranous sac which surrounds and supports the 
testicles. 

The penis consists of three, somewhat cylindrical bodies, composed largely of 
erectile tissue. The portion forming the distal end is called the glans penis and the 
thin layer of skin extending down over the glans penis, or a portion thereof, is called 
the prepuce. 

The urethra is a tube extending from the urinary bladder to the meatus of the penis, 
ft is a passageway for semen, as well as urine. 

Female Reproductive Organs 

The female genital organs are divided into five main parts, the ovaries, uterus or 
womb, fallopian tubes, vagina and clitoris. 

The ovaries are two in number. They correspond to the testicles in the male and 
form the egg or ovum. 

The uterus is located between the urinary bladder and the rectum, ft is situated 
behind the symphysis pubis in the midline. The fundus portion of the uterus is the free, 
convex end and the cervix portion is located at the vaginal end. The body portion is be¬ 
tween the fundus and the cervix. 

The fallopian tubes, uterine tubes or oviducts, extend down from the ovaries and 
carry the ovum downward so conception may take place. 

The vagina is a passageway about three inches long leading to the lower end of the 
uterus from the vulva or external portion. 
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The clitoris is the morphological equivalent of the penis of the male. It is a small 
elongated, erectile body, situated at the anterior angle of the vulva. 

Respiratory System 

The respiratory system consists of the lungs and air passages leading into them. 
The lungs are two in number and occupy most of the area in the thoracic cavity. The 
right lung is made up of an upper, middle and lower lobe; while the left one has only an 
upper and lower lobe. The portion of a lung that receives the bronchus, blood vessels 
and nerves is called the hilum. The lungs are composed of bronchial tubes, alveoli, 
blood vessels, lymphatics, nerves and connective tissue. The smallest branches of 
the bronchial tubes are referred to as bronchioles. The alveoli are tiny, membranous 
sacs or air vesicles located at the end of the bronchioles. Oxygen and carbon dioxide 
pass through the thin, membranous walls of the capillaries and the alveoli. Oxygena¬ 
tion or aeration of the blood is made possible through this interchange of gases in the 
lungs. A very delicate serous membrane, the pleura, envelopes each lung. This 
membrane turns back upon itself to line the walls of the thoracic cavity and is mois¬ 
tened by a serous fluid. This fluid is secreted by the pleura itself and prevents fric¬ 
tion during respiration. If the inner surface of the pleura becomes roughened by in¬ 
flammation the resultant condition is called pleurisy. The mediastinum is located 
between the two pleural sacs. It is a separate compartment containing all of the thor¬ 
acic viscera except the lungs. 


T rochea 
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The air passages are made up of the nasal chambers, mouth, pharynx, larynx, 
trachea and bronchi. 

The nasal chambers are the normal entrance for air into the respiratory tract. The 
two nasal chambers open posteriorly into the pharynx. 

The mouth, strictly speaking, is a part of the alimentary canal. However, since 
respiration can take place through the mouth, it is considered a part of the respiratory 
system. 

The pharynx serves as a passageway for air and connects the nasal chambers with 
the larynx. 

The larynx is commonly called the "Adam's Apple," which is the organ of voice. It 
lies in the upper and front part of the neck. The space in the upper part of the larynx 
housing the vocal cords is called the glottis. The flap of fibrous cartilage extending up¬ 
ward and backward over the upper opening of the larynx is called the epiglottis, ft pre¬ 
vents food from entering the glottis during the process of swallowing. 

The trachea or "windpipe" is a somewhat rigid, noncollapslble, pipe-like tube about 
four and one-half inches long. It lies in front of the esophagus and extends down from 
the larynx to the bronchi interiorly. The trachea is made up mainly of fifteen to twenty 
"C" shaped cartilages joined by ligaments, which are embedded in the tissue of the neck. 

The bronchi branch out from the lower end of the trachea. The right bronchus is 
shorter, wider, more nearly vertical and has three branches leading into the right lung. 
(The direction of the right lung is also more vertical than the left one.) The left bronchus 
is more nearly horizontal and has two branches leading into the left lung, ft has only two 
branches, since it accomodates only a pair of lobes. 

Circulation of the Blood 

The heart is the center of the circulatoiy system and the most vital organ of the body, 
ft beats about seventy times a minute in the normal adult and pumps the equivalent of 
seventy tons of blood per week. (Of course, the rate of heart action varies, according 
to exercise, sex, age, etc.) In an adult, the body normally contains about four and one- 
half to five and one-half quarts of blood. The heart action consists of wave-like contrac¬ 
tions, starting at the auricles and passing to the ventric les, followed by dilatations or 
periods of enlargement. The systolic blood pressure is the pressure during the contrac¬ 
tion period. The diastolic blood pressure is the pressure during the dilatation period. 
The heart is refilled with blood during this period of rest. The difference between the 
two pressures is called the pulse pressure. 

The heart is located in the mediastinum and is enclosed in an inverted sac of fibro- 
serous membrane called the Pericardium. The outer surface of the pericardium turns 
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back over the inner layer and forms a space which contains pericardial fluid. This fluid 
acts as a lubricant in preventing friction during heart action. The inside of the heart is 
lined with a serous membrane called the Endocardium. Blood is supplied to the heart 
tissue through the right and left coronary arteries. 
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The superior vena cava carries impure blood to the heart from above the dia¬ 
phragm and the inferior vena cava carries impure blood to the heart from below the 
diaphragm. The right auricle is the portion of the heart receiving blood from the 
vena cavas. The tricuspid valve contains three segments and controls the flow of 
blood between the right auricle and the right ventricle. The right ventricle extends 
down from the right auricle to a point near the apex of the heart. The blood passes 
through the pulmonary or semilunar valve to the pulmonary artery. The pulmonary 
artery branches out with one branch going to each lung. The pulmonary veins, two 
from each lung, carry the blood back to the heart. These veins are the only ones in 
the body carrying pure blood. The left auricle receives the aerated blood which passes 
on through the bicuspid or mitral valve. The blood continues on from the valve (it has 
two segments) to the left ventricle. This ventricle is the largest and strongest part of 
the heart and it does most of the pumping. From the left ventricle, oxygenated blood 
passes through the aortic valve to the aorta. After the blood leaves the aorta, it is 
carried by arteries, arterioles and capillaries throughout the body. The impure blood 
returns through veins to the heart via the vena cavas. 
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CHAPTER IV 


RADIOGRAPHIC TECHNIQUE 


Introduction 


If you should go into an x-ray laboratory to study x-ray technique, it would not be 
long before you could go through the mechanics of making a radiograph. You could get 
the film and patient ready, properly position the x-ray tube, operate the controls ex¬ 
actly as you had been shown, and put the film through the various solutions. But that 
would not mean that you had become an x-ray technician. For radiography is much 
more than a series of procedures, it is a science and an art. It is a science in that it 
embodies the science of Physics, Geometry, Chemistry; it is an art in that it requires 
practice and experience to attain the desired skill. 

Anyone who proposes to make use of radiography, therefore must study three equal¬ 
ly important and interrelated matters: 

1. The principles that govern radiographic technics. 

2. The mians by which those principles are applied. 

3. The sympathetic, careful, correct handling of sick or injured people. 

The last must be given full consideration. 

History of the Discovery of X-Ray 

X-ray was made possible by the cumulative efforts of many scientists over a period 
of three hundred years, and was finally discovered on NOVEMBER 8, 1895 by WILHELM 
CONRAD ROENTGEN, a professor of physics and director of the Physical Institute of the 
University of Wurzburg, Germany. The phenomenon was first detected by the fluores¬ 
cence of a small barium platinocyanide coated cardboard screen which was excited by 
unknown rays from a shielded and energized CROOKS tube. It has been written that Nov¬ 
ember 8th, 1895 will ever be remember in the history of science because on that day a 
light, so far as human observation goes, never seen on land or sea, was first observed. 
The observer was Professor Roentgen. What he saw was a faint, flickering, greenish 
illumination upon a bit of cardboard, painted over with a fluorescent chemical prepara¬ 
tion. Upon the faintly luminous surface, a line of dark shadow appeared. All this in a 
darkened room, from which every known kind of ray had been carefully excluded. 

hi the room was a CROOKS tube energized by sparks from an induction coil, but 
carefully covered by a shield of black cardboard, impervious to every known kind of 
light, even the most intense. Yet in the darkness, expressly arranged so as to allow 
the eye to watch for luminous phenomena, nothing was visible until unrecognized rays, 
emanating from the CROOKS tube and penetrating the cardboad shield, fell upon the 
luminescent screen, thus revealing their existence, and making darkness visible. 
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From seeing the illumination, of a fluorescent screen and the line of a shadow 
across it, the work of tracing back that shadow to the object which caused it, and of 
verifying the source of the rays to be the CROOKS tube, was to the practiced investi¬ 
gator but the work of a few minutes. 

The invisible rays, for they were invisible, except when they fell upon the chemi¬ 
cally painted screen, were found to have a penetrating power hitherto unimagined. They 
penetrated cardboard, wood, and cboth with ease. They would even go through a thick 
plank, or a book of 2,000 pages, lighting up a screen placed on the other side. But met¬ 
als such as copper, iron, lead, silver and gold were less penetrable, the densest of 
them being practically opaque. Strangest of all, while flesh was very transparent, bones 
were fairly opaque. And so the great discoverer, interposing his hand between the source 
of the rays and the bit of luminescent cardboard, saw the bones of his living hand pro¬ 
jected in silhouette upon the screen. The great discovery was made. 

Advances Made in X-Ray and It's Application in Medicine and Industry 

Advances made in x-ray have greatly extended our knowledge from the visual spec¬ 
trum, to a broad range of wave lengths in the Invisible portion of the spectrum which are 
now usefully employed in chemistry, industry and medicine. 

In Chemistry 

Provides a means for chemical analysis and determination and identification of 
crystal structure. 

In Industry 

Allows a non-destructive means of examining numerous fabricated items. 

In Medicine 

The application of x-rays in the Medical, Dental, and Biological fields has been 
enormous and constant progress is being made toward even greater usefulness in the 
treatment and diagnosis of disease. 

Measurements of X-rays in Regard to Their Wave Length 

1. X-rays are measured in ANGSTROMS. 

2. An Angstrom is equivalent in length to 1/10,000,000 mm. 

3. The wave lengths of x-rays have a range from 0.06 to 136 Angstroms. 

4. Useful x-rays for Radiography, are considered to be less than 1 Angstrom 
in length. 

5. An x-ray machine having a potential of 100,000 volts will produce x-rays of from 
0.12 to 0.15 Angstroms in length. 

6. Wave length expresses the penetrating power of x-rays. The shorter the rays, 
the more penetrating, and the longer the rays, the less penetrating. 
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Atomic Structure and the Atomic Theory 


1. In order to better understand the production of x-ray3, one must consider the 
atomic theory of matter. 

a. All matter is made up of molecules , the smallest particle of matter that 
may combine with other molecules to form a compound. 

b. Molecules are made up of atoms, the smallest particle of matter that may 
exist and still retain the characteristics of an element. 

c. Atoms are made of electrons and protons as well as numerous other parti¬ 
cles. Electrons have a basic negative charge, protons a basic positive charge. An 
electron weighs approximately 1/1800 as much as a proton. The electrons of an atom 
are located in orbits about the nucleus of the atom. Its protons are found in the nucleus. 
Electrons and protons are electrically attracted to each other, but, the speed of the 
electron in its orbit, along with other less well understood forces, prevent their unit¬ 
ing. An atom with the same number of electrons and protons is said to be stable or 
balanced. If the number is unequal, they are unstable, have an electrical charge, and 
are referred to as ions. 

Introduction to Terms Used in X-Ray Work 

Milliampere or MA 

A term used to indicate small amounts of electrical current flow. It is equal to 
1/1000 ampere. In x-ray it is used to measure the current flowing from the Cathode 
(filament of the tube) to the Anode (target of the tube). See following figure. 

GLASS ENVELOP* CATHODE 



Kilovolt or Kilovolt Peak (KV or KVP) 

A term used to designate high electrical potential or high voltage. It is equal to 
1000 volts. In x-ray it is used to designate the amount of high voltage that we apply to 
the x-ray tube. 

Time (T) 

Time or (T) designates the time of exposure of the patient to x-ray, expressed 
in seconds. It is the actual time that electrons are flowing from the filament to the 
target. See above figure. 
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Distance of (D) 


The distance from the target of the x-ray tube to the center of the x-ray film 
holder is usually measured in Inches. 

Milllampere Seconds or (MAS) 

A term used to express the combination of time in seconds of exposure , and mil- 
llamperes of tube current. tt is obtained by multiplying time x milllamperes, or T x 
MA = MAS. By this formula, any one of the factors may be unknown, and solved for in 
the following manner: 


MAS „ ^ . MM 
MA T 


Central Ray or (CR) 

The center of the beam emanating from the x-ray tube. (See figure below) 


Cassettes 



A light-tight or light-proof device to hold an x-ray film. 

Note : The U. S. Navy utilizes cassettes having double screens. 


Screens, Intensifying 

Sheets of material that fluoresce when struck by x-ray. This light in turn ex¬ 
poses the film and decreases the amount of x-ray needed. This will be discussed more 
fully in the Darkroom section of this manual. 


Cardboard Holders 


A light-tight device without intensifying screens for holding an x-ray film. 
These are used when screen effect is not desired. 
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Potter Bucky Diaphragm (Bucky) 


This is a device used to reduce the undesired effect of secondary radiation, ft 
consists of a grid which passes between the part and the film during exposure. This 
device is composed of alternating strips of lead and radiotransparent material so ar¬ 
ranged that when the focal spot is centered over the grid, the plane of each lead strip 
is in line with the primary beam (figure below). The lead strips absorb a considerable 
amount of the oblique scattered radiation; that is, the rays not traveling in the direction 
of the primary beam. 

The radiotransparent strips are usually about eight times as deep as they are 
wide. The relation of the depth of the lead strips to the width of the radiotransparent 
strips represents the "grid-ratio." To illustrate, if the depth is eight times the width, 
the grid ratio is 8 to 1 (8:1); if the depth is six times the width, the ratio is 6 to 1, etc. 
The greater the ratio, the more efficiently the grid will absorb scattered radiation. 
When a grid is used, the shadows of the lead strips are superimposed on the useful 
image. This is tolerable when a stationary grid with very thin, narrow strips is used. 
To eli minat e this grid pattern, which tends to break up useful image detail, it is nec¬ 
essary to move the grid during exposure so that the lines are blurred and not distin¬ 
guishable. The device consisting of a grid and its moving mechanism is called a 
Potter Bucky Diaphragm,(figure below) or sometimes simply a "Bucky." 



^ AO) a non 



LffT: Diagram of a Potter-Bucky diaphragm. UPPER RIGHT: Diagram of a small 
*ec ion of a grid, showing the manner in which secondary radiation {A) is absorbed and 
■mage-forming remnant radiation (B) passes through. 
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Grid Ratio 


The ratio of the depth of the lead strips to the width of the intervening radio¬ 
transparent strips represents the grid ratio. 

Cones, Cylinders and Diaphragms 

These appliances are made of heavy metals so that the field of useful radiation 
is limited to a desired size or shape. Cones are available in various fixed sizes and 
shapes. Adjustable, aperature diaphragms with shutters of lead are available to pro¬ 
duce rectangular or square openings. When these are used properly, the part of the 
subjectoutside the field of desired radiography, is excluded from radiation and does 
not contribute appreciably to scattered radiation. Hence, there is an overall improve¬ 
ment in image quality. For best results a "Bucky" should be used in combination with 
a cone or diaphragm. 



Filter 


Filters are thin sheets of material placed between the tube and the patient, 
through which the rays must pass before they reach the film. Filters absorb some 
radiation of all wave lengths, but absorb relatively more of the soft, undesirable, 
radiation. Filters may be a combination of materials, part of which is present perm¬ 
anently in the tube head, and others that may be added or taken away as desired. The 
former (the one which is permanently a part of the tube head) is called the "inherent" 
filter of the machine, and represents the filtering action of the wall of the x-ray tube 
and its surrounding media, such as oil. This filtration is often equivalent to 0.5 mil¬ 
limeters of aluminum. Filters absorb relatively more of the soft rays, (longer wave 
lengths) than hard rays (short wave lengths), therefore, they have the effect of increas¬ 
ing the average penetrating power of the beam. Thus the softest radiation which might 
produce an undesirable reaction in the patient's skin is eliminated by the filter. 
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Illustrating the spectrum of electromagnetic radiation and indicating some uses to 
which various wavelengths have been put. The following will be helpful in comparing their lengths. 
The length of 60-cycle alternating current electric waves is about the distance from coast to coast. 
Short radio waves are about equal to the height of a man. Medical x-rays are about one billionth 
of an inch (1/1,000.000,000 inch). Cosmic rays ore of the order of one hundred-billionth of an inch 
(1/100,000,000,000 inch). A meter is 39.37 inches. An angstrom unit is one hundred-millionth of a 
centimeter (1/100,000,000 centimeter). All these radiations travel at a speed of 186,000 miles 
per second. 
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Grid Ratio 


The ratio of the depth of the lead strips to the width of the intervening radio - 
transparent strips represents the grid ratio. 

Cones, Cylinders and Diaphragms 

These appliances are made of heavy metals so that the field of useful radiation 
is limited to a desired size or shape. Cones are available in various fixed sizes and 
shapes. Adjustable, aperature diaphragms with shutters of lead are available to pro¬ 
duce rectangular or square openings. When these are used properly, the part of the 
subject outside the field of desired radiography, is excluded from radiation and does 
not contribute appreciably to scattered radiation. Hence, there is an overall improve¬ 
ment in image quality. For best results a "Bucky" should be used in combination with 
a cone or diaphragm. 


Filter 



Filters are thin sheets of material placed between the tube and the patient, 
through which the rays must pass before they reach the film. Filters absorb some 
radiation of all wave lengths, but absorb relatively more of the soft, undesirable, 
radiation. Filters may be a combination of materials, part of which is present perm¬ 
anently in the tube head, and others that may be added or taken away as desired. The 
former (the one which is permanently a part of the tube head) is called the "inherent" 
filter of the machine, and represents the filtering action of the wall of the x-ray tube 
and its surrounding media, such as oil. This filtration is often equivalent to 0.5 mil¬ 
limeters of aluminum. Filters absorb relatively more of the soft rays, (longer wave 
lengths) than hard rays (short wave lengths), therefore, they have the effect of increas¬ 
ing the average penetrating power of the beam. Thus the softest radiation which might 
produce an undesirable reaction in the patient’s skin is eliminated by the filter. 
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V. COMMUNICATIONS 



Illustrating the spectrum of electromagnetic radiation and indicating some uses to 
which various wavelengths have been put. The following will be helpful in comparing their lengths. 
The length of 60-cycle alternating current electric waves is about the distance from coast to coast. 
Short rod'Ci waves are about equal to the height of a man. Medicol x-rays are about one billionth 
of an inch (1/1,000,000,000 inch). Cosmic rays are of the order of one hundred-billionth of an inch 
(1/100,000,000,000 inch). A meter is 39.37 inches. An angstrom unit is one hundred-millionth of a 
centimeter (1/100,000,000 centimeter). All these radiations travel at a speed of 186,000 miles 
per second. 
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X-rays and Their Production 


To better understand the properties of x-rays one might compare it to other forms 
of radiant energy. To begin with, a ray can be defined as a beam of light or radiant 
energy, which travels in a wave motion and is measured in terms of energy and wave 
length. To acquire the concept of waves and wave length, think of the disturbance cre¬ 
ated when a stone is tossed into a quiet pond. As the stone strikes the water, some of 
its energy produces waves which travel outward in ever-widening circles. Although the 
w?.ter is in motion, it does not travel anywhere, as may be seen by the motion of a float¬ 
ing chip of wood which rises and falls with the waves but only oscillates about its orig¬ 
inal location. The energy of the waves proceeds outward from the center. The wave 
length of the water waves is the distance from crest to crest or trough to trough. In 
any system of waves, wave length is the distance between two successive corresponding 
locations in the moving energy pattern. 

Light, radiowaves, x-rays, etc., are energy waves of electric and magnetic influ¬ 
ences. They are appropriately cklled electromagnetic waves and travel at a tremendous 
speed. All these forms of electromagnetic radiation are grouped according to their 
wave lengths in what is called the electromagnetic spectrum. The diagram (on previous 
page) shows their location and uses to which some have been put. Light rays have a very 
much shorter wave length than radio waves, and x-rays, in turn, are even shorter, be¬ 
ing only about 1/10,000 the wave length of light. 

It is the very short wave length of x-rays that allows them to penetrate materials 
that absorb or reflect visible light and to cause certain substances to fluoresce, that is, 
to emit visible light. These are also special properties that permit the use of x-rays in 
medical and industrial radiography, therapy and research. 

Essentials for the Production of X-rays 


1. High Voltage 

2. High Vacuum 

3. Target 

4. Source of Electrons 

The first of these, the high voltage is obtained from the step-up transformer, the 
last three, the target, source of electrons, and high vacuum are found in the x-ray tube. 

The X-ray Tube 

X-rays are produced when electrons traveling at high speed, collide with matter in 
any form. An x-ray tube is an electronic device which is considerably larger but actual¬ 
ly less intricate than the electronic tubes in a radio. The simplest form of x-ray tube 
(figure on next page) is a sealed glass envelope pumped to a very high vacuum and con¬ 
taining two important parts - the anode and the cathode. 
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X-RAY TUBE 


The anode is usually formed of copper and extends from one end of the tube to the 
center. A small block of tungsten about 1/2 inch square is set in the anode face at the 
center of the tube. This is called the target. The area on the face of the target where 
the focused high speed electrons strike is called the focal spot and is the source of the 
usable emitted x-rays. The cathode is a tungsten wire (filament) often wound in the 
form of a loose coil about 1/9 inch or less in diameter and its length depending on the 
focal spot size. It is set in a cup shaped holder a short distance from the anode. The 
support for the holder extends to the outside of the tube in order that appropriate elec¬ 
trical connections may be made. 

The cathode can be heated to Incandescence in the same m anne r that the fila¬ 
ment of an ordinary light bulb is heated. However, the cathode is not heated to produce 
light, but rather to become a source of electrons (minute masses, each bearing a nega¬ 
tive charge) which are emitted from the hot wire. The current for the filament is ob¬ 
tained from a low voltage transformer. The cathode is so designed and located within 
the tube that electrons are focused to form a stream beamed in direction and of the 
exact size and shape to produce the desired focal spot on the target of the anode. 

When a very high potential difference (thousands of volts) is applied between these 
two x-ray tube components, the cathode and anode, the available electrons emitted from 
the negative cathode are attracted along a path in the vacuum toward the QQsitive anode 
in such a manner that they strike the focal spot with tremendous force (Fig. p. 208). 

The impact creates two energy products, x-rays and heat. The higher the potential dif¬ 
ference, the greater will be the speed of the electrons. This results in an x-ray beam 
of greater intensity and penetrating power (shorter wave length). 

Only a small part of the energy resulting from the impact of electrons on the target 
is emitted from the focal spot in the form of x-rays. The bulk of this energy is wasted 
by heating the target. This heat must be conducted away from the focal spot as efficient¬ 
ly as possible. Otherwise, the metal would melt and the tube would be destroyed. Tube 
manufacturers use a variety of methods for carrying the heat away from the focal spot. 
The simplest method is to back up the target with a good heat-conducting metal, such as 
copper, and to extend the copper outside the glass bulb to a fin radiator. 

hi some tubes, oil is pumped through internal holes in the copper so as to dissipate 
the heat more effectively. 


Digitized by Google 


213 


Original from 

UNIVERSITY OF MICHIGAN 



The size and shape of the focal spot are most im p° I hnt. As has been mentioned, 
the focal spot is the area of the target that is bombarded by the electrons from the 
cathode. The shape and size of the focusing cup, in combination with the filament, de¬ 
termine the size and shape of the focal spot whether small, medium or large. The 
shape of the focal spot is generally a rectangle whose length is three or more times 
its width. The principle of the line focus is used to provide a focal spot of small effec¬ 
tive size, although the actual focal spot may be fairly large (see following figure.) 

When the rectangular focal spot is viewed from one end at an acute angle, it appears to 
be more nearly a square. When this angle is about 20 degrees, the effective area of the 
spot is only a fraction of its actual size or area. 

The size of the focal spot has a very important effect upon the quality of the x-ray 
image. The smaller the spot, the better the detail of the image. But a large spot can 
tolerate more heat than a small one. 



— Diagram of a line-focus target 
depicting relation between actual focal spot 
(area of bombardment) ond effective focal 
spot, as projected from a 20° anode. 


Rotating Anode X-ray Tube 

To increase further the capacity of the anode to withstand heat, and reduce the focal 
spot size at the same time, the rotating anode tube was developed. (See next figure). 

As the name implies, the anode rotates on an axis through the center of the tube; the fila¬ 
ment and focusing cup is so arranged as to direct the electron stream against a beveled 
area of a tungsten disc. Thus, the position of the focal spot remains fixed in space dur¬ 
ing an exposure, while continually providing a cool surface for reception of the electron 
stream. The heat is distributed over the area of a broad ring, and for the same expo¬ 
sure combinations, the focal spot area can be made one-sixth or less than that required 
in a stationary anode tube. Manufacturers furnish charts with all types of x-ray tubes 
to indicate the limits of safe operation in order that a tube can be operated within its 
rated capacity. 
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Diagram showing the components of the rototing-anode tube. 


The cathode of a rotating anode tube is constructed in much the same manner as in 
a stationary anode tube. There are always two filaments and usually two focal spots, 
one large and one small, on the anode. However, some rotating anode tubes for special 
applications have only one focal spot although the cathode has two filaments for longer 
life. 

Anode Contruction 

The anode is constructed of tungsten, the disc target is supported by a molybdenum 
stem on a dynamically balanced rotor. The thermal characteristics of each element are 
such that maximum heat dissipation is obtained without overheating any component of 
the anode structure. 

Rotor Bearing 

Silver lubricated ball bearings especially processed to insure permanently quiet, 
reliable, operation, with out the use of non-metalic lubricating substances are utilized. 

Housing 

The housing is constructed of sheet steel and lined with lead. It is filled with spe¬ 
cially processed insulating oil from which air has been removea and hermetically 
sealed. It is also provided with expansion chambers adequate to take care of oil expan¬ 
sion throughout the full range of operating temperatures. The housing is ray-proof 
and shock-proof to the extent required by the International Recommendations for X-ray 
Protection and allows the rays to escape only through the x-ray window. 

Cables 


Energy Is supplied from the transformer through insulated and shielded cables 
connected to the tube by a vapor-proof plug and socket arrangement in the tube housing 
and transformer. The cables have been developed for high insulation strength, great 
flexibility and durability. 
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Motor Characteristics 


The rotor is turned by a single phase, capacitor type, induction motor. The max¬ 
imum energy ratings for tubes of various models are different, and in part, dependent 
on the speed of anode rotation. The chief advantage of a rotating anode tube over one 
with a stationary anode is its ability to dissipate a greater amount of heat produced by 
high mill!ampere factors on a very small effective target area. This is possible be¬ 
cause the rotating anode tube has a very small effective target and this area is con¬ 
stantly changing due to the rotation. Thus, a rotating anode tube of 2 mm. effective 
target size may be used with the same energy factors that would require a stationary 
anode tube with a 6 mm. effective target. The use of a small focal spot also improves 
detail in the radiograph since the emitted x-rays have their origin from a more nearly 
point source. The electron stream is focused at one small area on the beveled edge 
of the tungsten disc, but, since it rotates, a new target area is brought into position 
at all times. The relatively large piece of tungsten comprising the disc can absorb 
and dissipate large amounts of heat as compared to a stationary anode, where the heat 
is accumulated in one small area or spot. 

Disadvantages of a Rotating Anode Tube 

1. The necessity of a more complicated electrical system to rotate the anode. 

2. More expensive than stationary tubes. 

3. Relatively slow cooling once the anode has been heated to its maximum safe 
amount. 

4. Time delay necessary for the anode to gain speed before the exposure may 
safely commence. 

Advantages of a Rotating Anode Tube (The following advantages more than compensate 

for the disadvantages listed above). 

1. Has a very small effective target size. (Resulting in radiographs of better detail). 

2. Longer tube life when used within safe limits. 

3. High energy factor capacity enabling a technician to use a short exposure time 
at a high MA on a small focal spot. 

Note ; A rotating anode must be allowed to reach its operating speed before being 
subjected to exposure. This is accomplished by a device, in the electrical circuits of 
the machine, called a starter (which withholds the exposure for a short time by means 
of a "time delay relay"). Exposure is begun after this delay which allows the anode to 
reach its operating rpm. 

During fluoroscopy, in some units, the anode does not rotate, as the low MA util¬ 
ized for fluoroscopy makes this unnecessary. However, during spot filming, if this 
is the case, the anode is rotated in the same manner as for general radiography. 
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Operation of the X-ray Tube 


The electrical apparatus that controls and operates the tube consists of a number 
of basic components: An autotransformer; a rectifier; and a power supply for the fila¬ 
ment of the x-ray tube. These are discussed In the section on electricity in this manual. 

The circuits involving the x-ray tube, rectifier, and high voltage transformer are 
usually arranged so that high positive voltage is applied at the anode of the x-ray tube 
and a high negative voltage applied to the cathode. The electrons made available by the 
hot cathode filament are negative charges and are thus attracted to the positive anode. 
The high voltage is usually expressed in terms of "peak kilovolts (1 kilovolt = 1,000 
volts). Kilovoltage has no relation to the number of electrons that compose the stream 
flowing from the cathode to the anode, but serves to control the speed of each electron, 
which, in turn, has very important effects upon the x-rays produced at the focal spot. 
The number of electrons is controlled by the temperature (degree of incandescence) of 
the cathode filament. This control is accomplished by adjusting the filament current 
through its own low voltage electrical circuit. The hotter the filament, the more elec¬ 
trons that are emitted and become available to form the electron stream - that is, the 
x-ray tube current. 

X-ray tube current - that is, current flowing from the cathode to the anode, is 
measured in milliamperes (1 milliampere = 1/1,000 ampere). The "Quantity" of 
x-rays produced depends upon the number of electrons available. For example, when 
the number of electrons per second doubles, the current (milliamperage) doubles. 

Perhaps it will be easier to understand what takes place inside an x-ray tube by 
comparing its operation to that of a conveyor system at a sand pit. (See following fig¬ 
ure) . Suppose that above one end of the conveyor belt there is a hopper full of sand 
which runs out the bottom through an adjustable opening onto the moving belt. The 
grains of sand are like the electrons. The number of grains available to be carried 
away each second by the belt depends on the size of the outlet opening of the hopper, 
which can be compared to the degree of incandescence of the cathode filament. 
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The action within an x-ray tube may be compared to a conveyor system. 
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The moving belt will carry away the sand just as the electrons available at the fila¬ 
ment that comprise the electron stream are moved by the kilovoltage. Now suppose 
the belt is speeded up, as would correspond to the action of Increasing the kilovoltage. 
The number of grains of sand (electrons) available per second remains unchanged, and 
only a certain quantity will pass through the opening (cathode) regardless of the belt 
speed (kilovoltage), however, the grains after passing through will travel at a greater 
speed. Again, suppose the hopper hole is opened wider (the filament incandescence in¬ 
creased). More grains of sand (electrons) per second fall on the belt. The belt carries 
more grains per second (greater milliamperage) but the belt speed (kilovoltage) re¬ 
mains the same. 

The X-ray Beam and Image Formation 

You have seen how x-rays are produced. The next step is to learn what happens 
as they leave the focal spot. X-rays are similar to light in that they radiate in straight 
lines in all directions from the focal spot until absorbed. For that reason, the tube is 
enclosed in a lead housing that stops most of the x-radiation except the useful rays, 
which are permitted to leave the tube through a "window." These rays are called the 
primary beam. That beam of radiation at the geometric center of this primary beam 
is said to be the Central Ray. 

X-Ray Absorption 

X-rays can penetrate apparently solid objects. The degree of penetration depend¬ 
ing upon the wave length of the rays and the composition of the object. Not all the 
x-rays that enter an object completely penetrate it - some are absorbed. Those that 
get through will form the image, or shadow, as it is frequently called on a photograph¬ 
ic film. Some material are more readily penetrated by the x-rays than other materials. 
For example, aluminum allows a greater amount of x-rays to pass through than does a 
piece of copper of the same thickness. Lead very efficiently absorbs x-rays, which is 
the reason for its use in protective devices and in the tube housing. Obviously, a 
thicker material allows less x-radiation to pass through than a thin piece of the same 
material. 

The human body is a complex structure made up not only of different thicknesses 
but of different materials. Bone absorbs more x-rays than flesh does; flesh more than 
air, and, diseased structures often absorb x-rays differently than normal flesh and 
bones. A demonstration of what happens in radiography of a leg will illustrate these 
effects. in the following figure, the steps in the graph below the leg indicate the dif¬ 
ferent amounts of radiation that would emerge to form a pattern of varying intensities. 
This can be regarded as an invisible x-ray image, which can be made visible with a 
fluorescent screen (Fluroscope) or recorded on x-ray film. 
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Diagram that illustrates the passage of the x-ray beam through a leg, and the 
resulting variation in intensity of image-forming radiation. 


Effect of Mllllamperage 

It is easy to understand that all the x-ray intensities of this pattern or the "bright - 
ness" of the image will increase as the amount (quantity) of x-radiation from the focal 
spot increases. 

Therefore, this "brightness" can be readily controlled by changing the milliamper- 
age. For example, in the preceding picture the x-ray intensity at "A" will always be 


Digitized by Google 


219 


Original from 

UNIVERSITY OF MICHIGAN 


one-half the intensity at "B", regardless of the milliamperage used - other factors 
being equal. This relationship among x-ray intensities in different parts of the image 
is defined as the CONTRAST of the image, or "subject contrast." 

Effect of Distance 

Again, the x-ray intensities of the pattern can be altered uniformly by an entirely 
different, nonelectrical means - by moving the x-ray tube from or toward the plane of 
the image. You can use a light bulb to demonstrate this fact. With no other illumina¬ 
tion in the room, move a single light toward this printed page. You will find that the 
closer the light is to the book, the more brightly the page is illuminated. Exactly the 
same thing occurs with x-rays; as the distance from the object to the source of radia¬ 
tion is decreased, the intensity at the object is increased, and visa versa. This all 
results from the fact that both x-rays and light travel in diverging straight lines. 

Both changes in milliamperage and changes in distance are ::ery similar in their 
effect upon the intensity of the image. It is important to know that these changes in in¬ 
tensity affect the overall image - the intensity of "A" (preceding figure) always is one 
half that of "B". The contrast is unchanged. The amount by which the overall image 
intensity is changed when milliamperage or distance is changed is a matter of simple 
arithmetic. A discussion of this will be found in the Photographic Effect section of 
this chapter. 


Effect of Kilovoltage 

Earlier it was pointed out that a high voltage must be applied to the x-ray tube in 
order to produce x-rays. The electrical apparatus is such that the kilovoltage can be 
changed over a rather wide range, usually from 30 to 100 or more kilovolts. In the 
lower range of kilovoltages, the x-rays produced are easily absorbed and are said to 
be "soft" (longer wave length) rays. Radiation produced in the higher part of the range 
is much more penetrating and is called "hard" (shorter wave length) rays. 


The application of higher kilovoltages causes a number of effects. The first to be 
considered here is the fact that a change in kilovoltage results in a change in the pene¬ 
trating power of the x-rays. The next two figures illustrate the effect of change of pen¬ 
etrating power on the contrast of the invisible x-ray image. Both illustrations are 
patterns of the same object - the leg section shown in the previous figure. Assume 
that the first of the following figures is the pattern produced when the radiation is 
being produced at 50 kilovolts, and the second figure is the pattern produced at 80 



Diagram demonstrating effect of 
changing penetrating power (kilovoltage). 

This intensity pattern produced at 
50 kilovolts* 


Diagram demonstrating effect of 
increasing penetrating power (kilovoltage). 

This intensity pattern produced at 
80 kilovolts* 
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kilovolts the intensity at A is about two-thirds that at B; (2) that a similar relationship 
applies throughout both patterns; (3) that in the second figure all of the intensities mak¬ 
ing up the image are more nearly the same, that is, "leveled out." In other words, the 
subject contrast has been substantially lowered by the higher kilovoltage. This demon¬ 
strates the third fundamental rule of x-ray technique. "Increasing kilovoltage reduces 
subject contrast and visa versa (all other factors being equal)." 

From the discussion thus far, the following conclusions can be drawn: Overall 
intensity of the image can be controlled by the three factors - mil Li amperage, distance 
and kilovoltage. When milliamperage or distance is used as a factor for control of in¬ 
tensity, subject contrast is not affected. However, when kilovoltage is used as a con¬ 
trol of Intensity, a change of subject contrast always occurs in conjunction with the 
change in intensity. We have assumed that the intensity of radiation over the entire 
area covered by the primary beam is constant. This is not quite correct. 

Secondary Radiation (Scattered Radiation) 

Secondary radiation occurs when a primary beam of x-rays penetrates an object. 
Some of the rays are absorbed and some pass directly through. A considerable percen¬ 
tage, however, is scattered in all directions by the atoms of the object struck, very 
much as light is dispersed by fog. These scattered rays comprise what is known as 
secondary radiation and possess a longer wave length than that of the inciting primary 
beam. Since the x-rays that are thus deflected from the path of the primary beam are 
radiographically effective, they cause a general haziness or fog on the film. Second¬ 
ary radiation must be considered objectionable to good radiographic quality for it 
overcasts the image with supplemental density and obscures the image detail. 

Since secondary radiation originates from a multiplicity of sources, it is not pos¬ 
sible to control it completely, therefore it must be eliminated or reduced to an unobjec¬ 
tionable quantity. The additional density superimposed by secondary radiation fog upon 
the radiograph serves to increase the overall density of the image and to reduce ability 
to impart radiographic detail clearly. As kilovoltage is increased, there is a corres- 
ppnding increase in the production of secondary radiation. This may be four to ten 
times as intense as the primary beam itself. The abundance of this unfocused aberrant 
radiation exposes x-ray film and can be most objectionable to good radiographic quality 
unless effective means for its control are exercised. 

The use of Cones, Apertures, Diaphragms, Grids, and so forth can reduce second¬ 
ary radiation to the point where it does not adversely influence the diagnostic value of 
the radiograph. The problem of secondary radiation "fog" is minor in radiography of 
thin parts, such as a hand, finger, fodt, etc., but when thicker parts are radiographed 
(10 cm. thick or over), those measures available for limiting the amount of secondary 
radiation reaching the film must be employed. Attempts to use low kilovoltage as a 
means of controlling the amount of secondary radiation fog usually result in use of 
x-rays with too low a penetrating power. 
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The higher the kilovoltage within certain limits, the greater the efficiency of the 
radiation because of the certainty of the penetration. When the kilovoltage is too high, 
it has a tendency to penetrate the part without sufficient differential absorption by the 
tissues, and the very long contrast scale in the image tends to be destroyed in part by 
the production of an excessive amount of secondary radiation generated from adjacent 
body areas or equipment. 

In radiography of thick parts, secondary radiation forms the greater part that 
would naturally pass to the film. As may be expected, any method of limiting the 
amount of this secondary radiation reaching the sensitized emulsion, produces radio- 
graphic images of decidedly better quality. It can therefore be seen that, with a know¬ 
ledge of how kilovoltage effects the contrast of the image and secondary radiation, a 
balance of these factors, one against the other, leads to the selection of some fixed 
kilovoltage for each part of the body to be examined. The degree of effect of secondary 
radiation will be controlled by: (1) the opacity of the material (density), (2) the volume 
of the radiated material, and (3) the quantity and quality of the primary beam. The first 
two, that is the opacity and volume of the radiated material, control the third, or the 
quantity and quality of the primary beam. 

Objectional Effects of Secondary Radiation 

1. It has the same effect upon x-ray film as the primary beam. 

2. There is no single source as in the case of the primary ray, but literally mil¬ 
lions of sources. This causes the diffusion of the image as seen on the x-ray film. 

Control of Secondary Radiation 

The most effective way to cope with scattered radiation is through the use of a grid, 
or Potter Buclqr Diaphragm, often called a "Bucky". (Figure p. 225). Another useful 
means to help reduce the intensity of scattered radiation, is that of constricting the 
primary beam to the minimum size and shape that can be utilized to cover the object 
being examined. This is done by attaching a cone or aperture diaphram (Figure p. 210). 
to the x-ray tube. A cone that will just cover the film being used should be utilized. 

A cone that is too large will defeat the purpose for which it was intended. One that is 
too small, will not cover all of the part desired. Cones are available in various shapes 
and sizes, and should be marked with the film sizes that will be covered at various 
distances. A cone is indicated for each and every exposure, except where a cylinder is 
indicated. The cylinder is a device that is used in the same manner as a cone. 
Most of the cylinders in use today in x-ray work are telescopic in construction 
and may be extended or withdrawn as desired. Cylinders are used when only a 
small area of a large pdrt, or a small part is being examined. Cylinders may be used 
in "Spot" exposures to better illustrate a small area, and also permit good detail when 
a grid or bucky cannot be used. 
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Diaphragm 


A diaphragm is a metal plate placed in the path of the primary x-ray beam to 
reduce the size of the beam. It is usually attached to the tube housing and may be used 
in conjunction with cone or cylinder. Some machines have adjustable diaphragms to 
vary the size of the port that the primary beam passes through. Adjustable diaphragms 
are used during fluoroscopy for this purpose. 

Note: 

1. It is important that a diaphragm of the right size be used for radiography or 
fluoroscopy, limiting the x-ray beam to the part being examined. 

2. When using small cones, cylinders, and small diaphragms, it is necessary 
to increase kilovoltage, usually from 3 to 8 KV is sufficient, depending upon the size 
of the cone or other device being used. 

Stationary Grids 

As previously mentioned, grids are devices placed between the patient and the 
fitm for the purpose of absorbing some of the secondary radiation not following a path 
parallel to the primary beam. 

Construction : They are constructed of alternate thin strips of lead placed on edge 
with a radiolucent (transparent) material between the lead strips. A suitable cover and 
back are then placed over the lead strips and other material, and the whole item en¬ 
cased in a frame to give the grid mechanical strength. The lead strips are extremely 
thin and the grid is a delicate and expensive instrument requiring a reasonable amount 
of caution and care during its use and storage. The grid should be stored lying on a 
flat surface, with nothing stored on top of it. Any object with any weight at all would 
cause the thin lead strips to be bent out of focus. 



A STATIONARY GRID 


In some grids, the lead strips are parallel to each other, and these are called 
parallel or non-focused grids. In others, the grid strips are parallel in the center, but 
are aligned to the primary beam by placing each strip at a slightly increasing angle as 
they go away from the center of the grid. Thus less of the primary ray is absorbed 
near the edges of the grid than in the non-focused type. This latter type of grid is 
called a focused or aligned grid. 
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Focused or aligned grids will be marked 'Tube Side", and marked with the dis- - 
tance at which they are to be used. Aligned grids must not be used tube side down next 
to the film, as only the center portion of the x-ray film would be exposed due to the 
grid strip angles; parallel grids also have a tube side, but not for the same reason as 
do aligned grids. The reason is that heavier material is used to cover or face the grid 
to protect the lead strips from damage during use. For this reason, they should al¬ 
ways be used with the face (tube side) of the grid up. 

Other Important Information Concerning Grids 

Grids not only absorb secondary radiation, but also a portion of the primary ray 
is absorbed. Thus more primary radiation is necessary when using a grid for a radio¬ 
graph. The amount of increase in primary radiation is dependent upon the number of 
lead strips per inch and a grid ratio factor. This factor is actually the relationship be¬ 
tween the height of the lead strips to the width of the radloluscent material between 
them. For example: if a grid has strips 4 mm. high and the width of the material be¬ 
tween the strips is . 5 mm. the grid has a ratio of 8 to 1 (8:1). The higher the grid ratio, 
the better the grid will perform in absorbing unwanted secondary radiation. However, 
the higher the ratio, the more primary radiation will be absorbed, and also there is a 
practical limitation to the amount of grid ratio that may be utilized. At the present 
time, 16 to 1 (16:1) ratio at 80 lines (grid strips per inch) is the maximum practical 
limitation of a grid ratio. 

Rule of the Thumb, Using a Grid 

A good rule of the thumb to follow in determining a technique when using a grid 
is as follows: Use three times the mllllampere seconds with a grid than would have 
been used without the grid. This will be satisfactory on a grid having ratios up to and 
Including those of 8 to 1 (8:1) ratio. For higher grid ratios, more MAS is called for, 
or a combination of more MAS and KV. 

Example : An exposure of a skull requires about 30-35 MAS without a grid, thus 
when using a grid, it would require 90-100 milliampere seconds. 

Use of a Grid with Extremities 


A grid should be employed when examining extremities of 10 cm. thickness or 
over. A good rule of the thumb to follow when utilizing a grid for radiographing ex¬ 
tremities is 50 MAS, and the kilovolt factor remaining the same would be used without 
a grid. Distance is figured to be 36 inches , target to film. 

Types of Grids 

There are three types of grids, Lysholm, Swedish, and Wafer. The Lysholm 
and Swedish grids are similar in construction, and may be focused or non-fuoused. 
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The Wafer grid Is very thin in construction and is of the non-focused type. All station¬ 
ary grids leave their image, or grid lines on a film. Our next step is to eliminate these 
lines, and this we do with a device called the Potter Bucky Diaphragm, or "Bucky." 

Potter Bucky Diaphragm 

The chief purpose of the Potter Bucky Diaphragm is to eliminate the grid lines 
that would be present when using a stationary grid. It may be described as a device that 
causes a grid to move during an x-ray exposure. In order to prevent grid lines from 
appearing on a film, the grid must be moving before x-ray exposure begins, and contin¬ 
ue to move far a short time after the exposure has terminated. This is accomplished 
through a series of mechanical and electrical devices both in the control panel of the 
machine, and the "Bucky” itself. 

Types of Buckys 

There are four different types of buckys according to their methods of operation. 

1. Hand cocked. 

2. Self cocking. 

3. Solenoid driven reciprocating. 

4. Motor driven reciprocating. 



BUCKY UNIT OF MOBILE TYPE (with head clamps) 


The hand cocked type uses a hydraulic cylinder device to control the time of 
bucky operation. This type bucky is cocked by hand, and upon release, a spring 
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produces a pressure against the piston of the hydraulic cylinder. The pressure on the 
piston drives oil through a hole, which may be regulated in size, from one c hamb er in 
the hydraulic cylinder to another, thereby controlling the speed of bucky travel. By 
making the hole smaller or larger, the rate of flow and therefore the speed of move¬ 
ment may be adjusted. This may be calibrated to the time of the exposure desired. 
Electrically, the bucky is arranged so that it may be started from the control panel 
and after movement has begun, to cause the x-ray exposure to 'start. 

Just before the bucky reaches the end of its travel, the exposure is terminated. 
Thus, it will be in motion before the x-ray exposure begins, and after the ex¬ 
posure stops. In this manner the bucky controls the time of the exposure. In actual 
practice, the bucky and timer of the machine are placed in service in such a manner as 
to cause activation of the timer when the bucky starts to move. The timing device which 
is set for the shortest exposure will control the time of exposure. Since the timer on 
the machine is usually more accurate, it should perform this function. This type of 
bucky must be hand cocked for each exposure and the timer set for the desired time. 
The timer on the bucky mechanism must be set for 1/4 to 1/2 second longer than the 
actual exposure time desired. Grid lines may appear on a film when using this type of 
bucky if the technician is careless in making the timer and bucky setting. 

Self Cocking Bucky . This bucky contains the same mechanism as the hand cocking 
type and differs only in that it also contains a device to cause the bucky to "Cock" itself 
at the termination of each exposure. Thus it is always in a "Cocked" position, and the 
operator need only set the Time of Exposure for each radiograph taken. (A solenoid 
causes the bucky to cock itself after each exposure). 

Solenoid Driven Reciprocating Bucky . This type of bucky utilizes a solenoid to 
drive the grid in one direction against a spring, where the tension on the spring causes 
the grid to return to its original position. This reciprocating action continues through¬ 
out the exposure. Electrically the solenoid only operates when driving the grid in one 
direction and then the current to the solenoid is cut off automatically when the grid 
reaches a certain point. The speed of the return is governed by a hydraulic cylinder 
similar to the device in a hand cocked bucky. The speed is adjusted at the factory and 
cannot be changed by the technician. This type of bucky always has the grid travel 
begin at the same side of the x-ray table. The initial grid movement is quite fast, and 
then returns at a slower speed. This method permits long or short exposures without 
the necessity of setting of a bucky timing device. Electrically this grid is so arranged 
that it is in motion before x-ray exposure begins, and continues to move after the ex¬ 
posure has terminated. It is possible to obtain faint grid lines with this type of bucky 
because of the grid having to stop before it can begin its return movement at the end of 
each stroke. Usually a selector switch is used to place the grid in operation when de¬ 
sired, and when selected for operation, the exposure switch activates both the bucky 
and exposure in one operation. 
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MILLIAMPERES 


Motor Driven Reciprocating Bucky : This type bucky uses a small electrical motor 
with gears to drive the grid during the exposure. The grid travels at the same speed 
in both directions. In order to have the grid in motion before the exposure starts, the 
pressing of a bucky pre-start switch places the bucky in motion. The pre-start switch 
may be released after the exposure switch is pressed. A time setting is not necessary 
on this type of bucky, since the time of travel is controlled by the pre-start switch and 
the exposure switch. Grid lines will sometimes appear on the radiograph for the same 
reason as that explained in the section on the solenoid driven bucky. This grid does not 
necessarily park (stop) in the same position when released as does the solenoid opera¬ 
ted bucky, however this is of no consequence in the finished radiograph. 


Bucky Always Utilize Focused or Aligned Grids: They should be used at the dis¬ 
tance prescribed by the grid manufacturer. The x-ray tube may be angled toward the 
long axis of the grid, but never across the grid strips. The length of grid travel of 
the first two, (Hand cocked, and Self-cocking) buckys is about three to three and one- 
half inches and in these the grid travels in only one direction during the exposure. 


Tube Rating Charts 


A tube rating chart is a diagram showing the limitation of energy that is permis- 
sable for various tube focal spot sizes and types of rectification. These charts define 
the maximum energy values allowed for individual exposures of any duration within the 
ranges covered by the charts. A technique that is selected must not exceed the maxi¬ 
mum energy limits indicated. For example (figure below) assume that the Dynamax 
"25" - 1.0 is being used, and it is desired to make chest exposures with the small focus 
at 200 MA, 1/20 second, kilovoltage range up to 85 PKV, on a single phase, full wave 
generator (60 cycles). From the corresponding chart, (figure below) it is seen that the 
maximum energy permissible for 1/20 second is that represented by 200 MA at 90 PKV. 


SMALL FOCAL SPOT 

Effective Size—1.0 m.m. 
Filament Characteristics— 

3.5 to 5.0 amps 4.0 to 7.0 volts 


LARGE FOCAL SPOT 
Effective Size—2.0 m.m. 
Filament Characteristics— 

3.0 to 5.5 amps 5.5 to 10.0 volts 


RATINGS FOR OPERATION ON FULL-WAVE RECTIFICATION 



maximum exposure time in SECONDS 


RATINGS FOR OPERATION ON FULL-WAVE RECTIFICATION 
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Hence, the technique described above Is within the ratings. Again, assume a lateral 
lumbar spine exposure, at 100 MA, 4 seconds,100 PKV. From the chart for the large 
focus on a single phase full wave generator (60 cycles). It Is seen that the rating at 4 
seconds is about 130 MA and 100 PKV. However, an exposure of 85 PKV at 150 MA, 

1 second, small focus, would exceed the tube's rating. If this exposure is to be made, 
it should be made on the large (2.0) focal spot, where it is well within the tube's limit. 

Factors to Consider when Consulting a Tube Rating Chart 

1. Type of rectification 

2. Size of focal spot 

3. Milliamperage 

4. Time of exposure 

5. Kilovoltage 

Factors Limiting Energy 

Temperature: There is the possibility of melting the focal spot from the heat re¬ 
leased by the impact of electrons on the target, hi short exposures the target may with¬ 
stand the heat created during the exposure without melting. Long exposures may ex¬ 
ceed the targets ability to dissipate the heat without melting. Other factors such as the 
ability of the glass envelope, the tube housing and the insulating oil to transmit the heat 
produced from the anode, to the outside air must also be considered. 

Factors Limiting Voltage 

This is partially governed by the spacing of the tube elements, cathode and anode, 
the material of which the glass envelope is made, and other electrical considerations 
such as insulation, cable size, etc. 

Anode Cooling Chart 

The heat generated by each exposure is first stored in the anode and then dissi¬ 
pated by radiation (as illustrated by the anode cooling chart (figure below) into the oil 
which fills the tube head. The heat stored in the head is dissipated gradually as indica¬ 
ted by the Housing Cooling Chart (following page). Heat is defined in terms of units 
represented by the product of KVP x MA x seconds of exposure on a single phase gen¬ 
erator. (With a three-phase generator, this product must be multiplied by 1.35 to 
obtain the correct number of units.) 
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ANODE COOLING CHART 



The heat storage capacity of the anode (as shown above) is 72,000 units, which 
value must not be exceeded by the total heat units of any one set of exposures unless 
b iff iclent cooling intervals are allowed to dissipate the excess heat. 

Tor example, assume a spine case requiring A.P. and Lateral stero-exposures of 
the lu mbar region, necessitates two exposures at 80 PKV, 100 MA, 4 seconds, and two 
exposu:vs at 65 PKV, 100 MA and 2 seconds. The heat represented by these four expo¬ 
sures tou?J 90,000 units. The cooling intervals which must, therefore, be allowed be¬ 
tween the tv'o pairs of exposures is calculated as follows: If the lateral exposures are 
taken first, the heat stored in the anode is 64,000 units and must be reduced to such a 
value that 26,000 units can be added without raising the total to mote than 72,000 units. 
This value is 46,000. The cooling chart indicates that approximately one minute is re¬ 
quired for the stored heat to fall from 64,000 to 46,000 units. 

Some rating charts will have the words "AMBIENT TEMPERATURE" 70 degrees. 
This means that if the room temperature has been stable for several hours at 70 de¬ 
grees F., the whole machine will be at 70 degrees F. The tube cooling chart would be 
based on this fact. If the room temperature is higher than 70 degrees F., the cooling 
time would have to be increased, and if lower than 70 degrees F., the time might be 
shortened. However, many charts do not state the ambient temperature for the chart 
and may be considered accurate at any reasonable working temperature in a room. In 
the tropics additional cooling should be provided for the x-ray tube, for example, a fan, 
wall or desk type, blowing directly on the tube. In extremely cold climates, a tube 
should be warmed up very slowly by using low milliampere and kilovolt value and a 
short exposure time (1/10 second) for a series of exposures. NEVER use maximum 
exposure values on a tube that is below 40 degrees F., as irreparable damage to the 
tube, such as destruction of the anode, may result. 
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WITHOUT ~ 
AIR CIRCULATOR 


40 80 120 160 200 240 

Cooling time in MINUTES 


Housing Cooling Chart 


Housing Cooling Chart 

The heat storage capacity of the tube head is 1,000,000 units, hi the event a ser¬ 
ies of exposures is contemplated, whose total value of heat units exceeds this figure, 
the cooling rate of the tube head must be considered. For example, suppose chest 
photofluorograms are to be made at 200 MA, 2/10 seconds, 90 PKV at a rate of four 
per minute for several hours. These exposures are individually within the ratings for 
the large focal spot, and the rate of four per minute involves 14,400 heat units per min¬ 
ute. This is less than the maximum cooling rate of the anode, so the anode would not 
be over heated by this procedure. However, at the end of 70 minutes, a total heat value 
in excess of 1,000,000 units would be involved, and would necessitate cessation of ex¬ 
posures until the tube is sufficiently cooled. 

With the air circulator, the tube can dissipate 25,000 heat units per minute, there¬ 
fore, the maximum heat storage capacity would not be exceeded under these conditions. 
Without the air circulator, the maximum cooling rate is 12,500 units per minute, con¬ 
sequently after the stored heat has attained the 1,000,000 unit value, the rate of input 
must be reduced to 12,500 units per minute. This rate would permit four exposures 
every 70 seconds instead of four every 60 seconds, as described above. 

hi order to obtain maximum tube life, it is wise to remain well within the tube 
rating and cooling chart recommendations. 
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Factors 


The aim in radiography is obviously, the production of good radiographs. Within 
the limits of good diagnostic quality, there is room for variation in the degree of con¬ 
trast and density, to suit individual preference. 

Quality and Quantity of X-ray Radiation and Their Relation 
to the Controls of the X-ray Machine 

1. The quality of a radiograph may be described in terms of four characteristics. 
They are: 

(a) Fine detail or definition 

(b) Sufficient density 

(c) Ample contrast 

(d) Minimum distortion 

2. A clear understanding of the above effects and significance of each factor will, in 
a great measure, determine the radiographic quality of the final radiograph. 

3. Detail: Detail pertains to the contour and structural lines of the radiographic 
image. Descriptive terms often used are: "Sharp," or good definition, and ’’Fuzzy," 
or bad definition. The detail of a radiograph is affected or controlled by the following 
factors: 

(a) Focal Spot Size: The smaller the effective focal spot size, the sharper the 

detail. 

(b) Focal-Film Distance: The greater the focal-film distance (target to film), 
the sharper the detail. 

(c) Part-Film Distance: The less part-film distance, the sharper the detail. 
The use of a grid (Potter Bucky Diaphragm) will increase the part-film distance some¬ 
what, but detail will not be impaired, hi fact, detail will be improved due to the re¬ 
duction in secondary radiation effect. 

(d) Exposure Holder : The use of cassettes with intensifying screens subtracts 
somewhat from detail. Detail also diminishes with faster screen speed as well as with 
poor screen film contact. The use of cardboard holders may contribute to detail, pro¬ 
vided that secondary radiation does not become excessive due to the increase in expo¬ 
sure time required when using cardboard film holders. 

(e) Motion : This is the greatest deterrent to good detail. Any movement of the 
patient, tube, or film holder during exposure will result in a "fuzzy" radiograph. 

(f) Miscellaneous Happenings that Affect Detail : Developer action during the 
first minute, by elon (metol) versus hydroquinone, affect detail, as does the grain size 
of the film emulsion. The larger the grain size, the less the detail. 

4. Density of an x-ray film refers to the blackness of the area under consideration 
on the roentgenogram. The desirable densities are concerned with the quality of metal¬ 
lic silver deposited in the emulsion of the film as a result of the x-radiation and the 
processing of the film. Density of an x-ray film is affected or controlled by the follow¬ 
ing factors: 
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(a) Milllamperage : Density varies in direct proportion to the milliamperage 
that is used for a given exposure time. 

(b) Exposure Time : Density varies in direct proportion to the exposure time. 
Therefore, time and MA may be combined and termed Milliampere Seconds, or MAS. 

(c) Kllovoltage : Density varies in direct proportion to the square of the kilo- 
voltage used for a given exposure. 

(d) Focal Film Distance : Density varies inversely to the square of the focal- 
film distance. X-rays, like light, diverge along straight paths and cover an increas¬ 
ingly larger area with ever-lessened intensity as they travel from their source. Here 
again we can refer to the experiment of the stone thrown in the quiet pond. The height 
of the wave is greater near the point where the stone strikes the water and diminishes 
as the waves radiate away from the striking point, therefore there is less wave energy 
at points farther from the point of impact. In comparison, the farther the x-rays travel 
from the focal spot, the less disturbance they will cause. The next figure illustrates 
that the same radiation covering a given area at distance "D" must disperse itself over 
an area four times as great when this distance is doubled (2-D). This means that the 
intensity of the radiation at 2-D must be one-quarter of that at "D". The relation be¬ 
tween distance and intensity of radiation is called the "Inverse Square Law" because 
the intensity decreases in proportion to the square of the distance. To expand the ex¬ 
ample further: If a distance 3-D were shown, representing a distance three times the 
original one, the area covered by the radiation would be nine times that at "D", and 
the intensity would be 1/9 of that at "D". 

Why should there be any need to change focus-film distance ? The chief reasons 
for altering this factor are as follows: 

(1) Sharpness is improved by an in¬ 
crease in focus-film distance, and magnifica¬ 
tion and distortion are reduced. This is limi¬ 
ted in practice by the capacity of the x-ray tube 
since an increase in focus-film distance re¬ 
quires an increase in exposure factors. 

(2) When a Potter Bucky Diaphragm 
is employed, it should be operated at a dis¬ 
tance for which it was designed. This is usually 
40 inches, but may be somewhat more or less. 

(e) Miscellaneous Factors Affecting 
Density: Excessive developing time and high 
temperature of processing solutions increases 
density. The use of cones, grids, and dia¬ 
phragms decreases density, requiring com¬ 
pensation (usually additional KVP) when these 
devices are used for an exposure. 

(f) Contrast: Contrast is best defined 
as the difference between two densities as per¬ 
ceived by the human eye. The following factors 
affect the contrast of an x-ray film: 


Diogrom showing that changes 
in focus-film distance affect x-ray intensity. 
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(1) Kilo voltage: The lower the kilovoltage, the greater the contrast, ft Is 
conceivable that for any part there is a kilovoltage setting capable of penetrating cer¬ 
tain tissues (soft tissues) and not penetrating certain other tissues contained therein 
(bone). With such conditions the best contrast would be obtained. Thus, a certain KV 
may accomplish a desirable contrast for an x-ray of the hand, whereas the same KV 
would result in excessive contrast if used for an x-ray of the pelvis. 

(2) Exposure Holder : Cassettes with intensifying screens increase contrast. 
The greater the speed of the screens, the greater the contrast obtained, hi comparing 
the use of cassettes with cardboard film holders, the contrast would be considerably 
less when the latter is utilized. 

(3) Miscellaneous: Developing solutions which are too warm, or too long 
a developing time will increase contrast under some conditions. The use of filters, 
cones, grids and diaphragms will Increase contrast by minimizing the effect of sec¬ 
ondary radiation. Film emulsion type and film age will also effect contrast. 

(g) Distortion : This is perversion of a true shape of a part on the radiograph. 
The true shape cannot be exactly reproduced since on a radiograph, all structural 
features of the body are represented as a single plane. If the image is distorted to 
such an extent that it appears enlarged beyond its true size, the distortion is referred 
to as magnification. Distortion in a radiograph may be effected by the following factors: 

(1) Focal-Film Distance: The greater the focal-film distance, the less the 
distortion (the less magnification of the true size of the image). 

(2) Part-Film Distance: The closer the part to the film, the less the distor¬ 
tion. 


(3) Tube Alignment : Improper alignment of the x-ray tube to the film and the 
part under consideration, will result in distortion proportional to the degree of mis¬ 
alignment. Careful attention to the alignment of the items involved (tube - part - film) 
will greatly enhance the appearance and diagnostic qualify of a radiograph. 

(4) Focal Spot 81ze : The smaller the focal spot size, the less the distortion. 


X-Ray Control 

1. The principle controls found on each and every x-ray machine are: 

(a) Filament Heat Control (Milllamperage Control) : The filament heat control 
regulates the amount of current flowing through the filament, consequently, the amount 
of heat at the filament. This directly regulates the number of electrons being made 
available and thus will control the tube current available for an exposure. This device 
has a number of names, some of which are: Technique Selector, Milllamperage Selec¬ 
tor, Filament Control, etc. 

(b) Kilovoltage (KV) Control (Autotransformer) : This device is sometimes 
called the "heart" of an x-ray machine in that it enables us to select various KV set¬ 
tings, according to the requirements of the examination desired. While all x-ray 
machines have an autotransformer, not all autotransformers are alike. They will vary 
widely in the number of KV selections available and in the capacity in both current and 
voltage. 

(c) Timing Device : This device is used to control the actual exposure time. 


233 


Digitized by Google 


Original from 

UNIVERSITY OF MICHIGAN 



It may be an elaborate electronic device or a simple manually operated, clock-works 
timer. The timing device and our filament heat control governs the milliampe re-sec¬ 
onds or the quantity of radiation for each exposure. 

The following are descriptions of the various types of timing devices found on 
the control panel of an x-ray unit. 

(1) Mechanical Clock Timer : This timer operates on the principle of all 
hand wound clocks, and is used on portable bedside units and other units of low MA 
capacity (usually 30 MA or less). It is not entirely accurate at short exposure times, 
(1/10 second) but will work well on low capacity units. Its range is from 1/10 sec¬ 
ond up to as high as 12 seconds. This timer is simple to operate, rugged in construc¬ 
tion and durable. 

(2) Synchronous Motor Driven Timer : This timer is more complex than the 
mechanical clock-works, and employs synchronous electric motor as a driving mech¬ 
anism. Through a series of gears, and a clutch, time may be selected ranging from 
as little as 1/20 second to as many as 30 seconds. (Timers of various manufacturers 
will vary in range). They are very accurate, and are used on machines of higher mil- 
liampere capacity (usually up to 300 milliamperes). Machines of greater MA capacity 
(300 MA or more) may have both the synchronous, and impulse timers. 

(3) Impulse Timer : This timer is highly accurate and is found on machines 
of high MA capacity (up to 500 MA). Its range may be from 1/120 second to 1/4 sec¬ 
ond. hi operation it will actually count the impulses of alternating current and the 
time of exposure will be one or a multiple of the impulses. 

Example: An impulse timer set at 1/120 second, 60 cycle alternating cur¬ 
rent, full wave rectification, will show one dot of exposure on a film when using a 
spinning top test (explained on following page). The time selections are always in 
whole numbers of impulses. Impulse timers are necessary to enable technicians to 
remain within the tube rating when using high KV and high MA settings on large station¬ 
ary x-ray machines. 

Note : Electronic Timing Devices are discussed more fully in the "Electricity’’ 
Section of this manual. 

(4) Photo-Timer : This device utilizes a photo-electric cell which acts as 
the heart of the timer. X-rays striking a fluorescent screen causes the screen to emit 
light. The photo-cell is activated by the light produced by the screen and when sufficient 
light has reached the cell. The exposure is terminated by the photo-cell action. Thus, 

a rather constant KV and MA may be used and the photo-timer will regulate the MAS 
required for each patient. When operating properly, all films of a particular part will 
have approximately the same density and contrast without regard to the build of the 
patient (excluding extremely thin or obese patients). 

A device used in conjunction with the photo-cell is known as a safety timer 
or "back-up timer." It prevents damage to the x-ray tube in the event the photo-timer 
does not terminate the exposure properly, and is adjusted so the exposure will be ter¬ 
minated before damage to the tube might occur. Photo-timers may be found on station¬ 
ary units made especially for photofluorography, and are used extensively for spot-film 
work in fluoroscopy. The spinning top cannot be used to test the photo-timer, therefore, 


234 


Digitized by Google 


Original from 

UNIVERSITY OF MICHIGAN 



a series of trial exposures must be made, and the density control set to the density de¬ 
sired by the radiologist. If the safety timer terminates the exposure on a series of ex¬ 
posures, something is definitely wrong with the photo-timer, and a repairman should 
be called. Likewise, extremely short exposures resulting in films that are too light, 
indicate that the photo-timer is not functioning properly. A technician should not at¬ 
tempt to adjust any timer, but should call a repairman, who has been trained to service 
and adjust the units. 

Note : The photo-timer circuit is discussed more fully in the "Electricity' 1 
section of this manual. 

Spinning Top 

Construction of: A spinning top may be constructed of a disk of radiopaque metal 
(i.e., lead, brass, sheet steel) about three inches in diameter, and about 1/8 inch thick. 
A small hole 1/8 inch in diameter is bored in the disk near the outer edge, and a pin 
inserted through the center of the disk to enable it to spin as a top. A base may be used 
to aid in holding the top stationary on a cassette during a test. 



SPINNING TOP 





I - 




: it i 

PIN 





BASE- 



□ 




Film showing spinning top test. 
Each dot = 1/120 sec. 

(60 cycle, full wave). 


Directions for Using the Spinning Top: hi alternating current the current through 
the tube pulsates at 120 pulsations per second, if a machine utilizes full wave rectifica¬ 
tion and is supplied by 60 cycles, alternating current. Half-wave or self-rectification 
would result in 60 pulsations per second. 

Since each pulsation of current results in a small amount of x-ray production, and 
an interval of no x-ray production, dots or dashes of darkened areas will appear on the 
film, when using a spinning top test. The number of areas of exposure will correspond 
to the number of impulses of current, the number of cycles per second, and the type of 
rectification. 
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Example : One-tenth (1/10) second at 60 cycles alternating current, full wave rec¬ 
tification should show 12 dots of exposure on a film. Fewer than 12 dots of exposure 
will indicate that the timer is too fast, and more than 12 dots indicates that the timer 
is too slow. 

For half-wave or self-rectification at 1/10 second, 60 cycles alternating current, 
there should be six dots of exposure on the film. 

To use the "Top", a 10 x 12 cassette is selected, using sufficient lead sheeting to 
mask off 3/4 of the cassette. Select a time on the machine up to 1/4 second (do not use 
more than 1/4 second). One-tenth second is ideal for the unit using full wave rectifi¬ 
cation, or two-tenth second for a unit using half or self rectification. Kilovoltage should 
be set at about 40 to 50 KVP, and a distance of 36 inches used. Centering is not too 
important, however, it is a good practice to center well for any x-ray exposure, by the 
use of lead numerals, mark each exposure with the time used, the date and the unit 
being tested. Set the top on the 1/4 of the cassette which is not covered with lead and 
spin the top. While the top is spinning, make the exposure at the selected time. Make 
at least four exposures at the time selected, and process the film in the usual manner. 
The number of dots appearing on the film will determine whether the timer is accurate 
or not. Several test exposures are recommended since a timer may be erratic at inter¬ 
vals, rather than on each exposure. If the film indicates that the timer is not accurate, 
a repair technician should be called to adjust the timer. However, if a repairman is 
not available, and the tests prove a timer to be consistently too fast or too slow, changes 
may be made on the technique chart to compensate for the timer, until a repairman's 
services are available. 

Density Calibration 

Density calibration is a method of determining the accuracy of an x-ray unit in the 
production of x-rays, as compared to the meter and scale indications. This is accom¬ 
plished by the testing and adjusting of a machine throughout all of its ranges of milli- 
amperage and kilovolts. The first step in calibration, is often the testing and adjusting 
of the timer by use of the spinning top test. Kilovoltage and milliamperage calibration 
may be accomplished by the following procedures: 

The Penetrometer or Aluminum Ladder: The aluminum ladder consists of a series 
of aluminum bars of the same thickness and width, but having different lengths. The strips 
are stacked, one on top of the other, the longest being on the bottom, with each succeed¬ 
ing strip being shorter than the underlying strip. The appearance is that of a stair step 
or ladder. The strips are usually 8 to 10 inches long (to fit an 8 x 10 or 10 x 12 cas¬ 
sette) and from 1 to 2 inches wide. The bottom strip may be double the thickness of 
the other strips. The thickness of the strips may be from 1/2 to 2 mm. each, depend¬ 
ing upon the amount of KV and MA to be used in the calibrating test. Intensifying 
screens should always be used for calibration, otherwise small differences in density 
occurring from small changes in KV may not be apparent. 
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—Seven radiographs of an aluminum step-wedge made with kilovoltages ranging from 
40 to 100, which demonstrate the effect of kilovoltage on subject contrast. Note that the lower 
kilovoltages produce high or short-scale contrast and the high kilovoltage produces low or long- 
scale contrast. 
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Steps of Procedure In Using the Penetrometer : 


Calibration of the autotransformer for out¬ 
put and accuracy is accomplished in the follow¬ 
ing manner. 

1. Select a LOW milliampere setting on the 
machine. 

2. Select a TIME that will produce at least 
10 MAS, preferably 15-20 MAS. 

3. Use a distance of 40-48 inches. (Once a 
distance is selected it must be used for each ex¬ 
posure thereafter). 

4. Warm up machine before starting calibra¬ 
tion. (Make a sufficient number of exposures to 
be certain that all circuits have stabilized). 

5. With the cassette and penetrometer 
properly placed, make a series of exposures, 
one at each setting of the Minor kilovolt control. 

(Start with the major kilovolt control set so that 
the indicator or meter rests at or near 40, with 
the minor control set at its lowest setting.) 

6. The penetrometer is moved to an unexposed area after each exposure. Use lead 
sheets to cover the surface of the cassette, except for the area directly under the pene¬ 
trometer. 

7. Each exposure must be marked with the exposure technique. This may be done 
by placing lead numerals or letters on the steps of the ladder. 

8. Careful centering of the x-ray beam for each exposure is a must. The technician 
must watch the controls closely for evidence of a line surge or excessive drop (this will 
tender that particular exposure invalid). 

9. Process the film in the usual manner. The film is examined when it is dry using 
the regular x-ray film viewer. There should be a definite and progressive increase in 
density for each step of increase in the setting of the autotransformer (see previous fig¬ 
ure). This increase will be more marked when the major KV range is being tested. 

10. Make certain that the same MAS and distance are used for each exposure. Center 
accurately and mark each exposure (do not rely on memory). 

11. If, after examining a film of this test, there is a definite and gradual increase of 
density for each setting of the MINOR selector of the autotransformer, you may assume 
that this portion of the autotransformer is working properly. Any decrease in density or 
unusual increase in density will indicate that the autotransformer is in need of adjust¬ 
ment or repair. 

12. The next step in testing for autotransformer output, will be to check the major 
KV range. This is done exactly in the same manner as the small steps, except that the 
major selector is changed for each exposure of the penetrometer without changing the 
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Diagram that illustrates passage 
and absorption of an x-ray beam by an object 
of homogeneous density. 
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minor. Start at the lowest setting on the major selector, and increase, one step at a 
time, until the entire range has been tested. The film is processed in the usual man¬ 
ner, and the film examined after it is dry. A definite increase in density should be 
apparent with each succeeding increase in the KV range. The increase should be con¬ 
siderably more marked than when testing on the minor settings. The next step will be 
to check for milliamperage output. 

Test for Milliamperage Output 

1. Select a low MA. 

2. Select a time that will give the same, or very near the same, MAS for all of the 
milliamperage settings on the machine. 

Example : Suppose that 100 MA is the lowest setting available on the machine, hav¬ 
ing others of 200, 300, 400 and 500 MA. Then a Time of 2/10 (20 MAS) might be selec¬ 
ted at 100 MA, 1/10 second at 200 MA, 1/15 second at 300 MA, and so on throughout 
the MA range. The MAS would be kept at 20 MAS for all exposures. These time set¬ 
tings are hypothetical and may not be available on all machines, however, other time 
factors may be used to accomplish the same purpose. 

3. Select a KV, preferably between 40-50, for each exposure. It is imperative 
that the same KV be used for each exposure. 

4. The x-ray machine must be thoroughly warmed up before beginning the test. 

5. Check the tube rating chart, making certain that the KV and MA selected are 
within the safety limits of the tube. 

6. The MAS, KV, and distance selected must be maintained for each ejq>osure of 
the penetrometer. Only the time and MA are changed. 

7. Process the film in the usual manner. If the machine is properly calibrated, 
there should be very little, if any, difference in density when the various exposures of 
the penetrometer are examined. Any great difference in density will indicate the need 
for adjustment to be made by a medical repairman. 

To summarize the main radiographic factors, the following table is included: 

1. Fine Detail : (Also spoken of as good definition or sharpness). 

(a) Focal spot: Small focal spot permits sharper detail within limits of the 
grain of the film, and intensifying screens. 

(b) Distance between part being taken and film: The closer the film to the body 
part, the better the detail. 

(c) Screen-film contact: Perfect contact is necessary to prevent blurring. 

(d) Absence of motion on part of patient, film or tube. 

(e) Absence of film fog. This involves the use of fresh film, precautions against 
stray or secondary radiation and correct darkroom procedure. 

2. Minimum Distortion : 

(a) Target-film distance: A long target-film distance lessens distortion. 

(b) Short distance between film and part being examined lessens distortion. 

(c) Accurate centering of x-ray tube, and part being examined lessens distortion. 
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3. Contrast: 

(a) Low kilovoltage increases contrast. 

(b) MAS in correct amount is essential. 

(c) Screens Increase contrast. 

(d) Grids, Cones and Diaphragms, as well as other precautions against stray 
radiation improves contrast and lessen fog. 

(e) Correct darkroom technique. 

4. Density: 

(a) Kilovoltage: The higher the KVP, the greater the density. 

(b) MAS: More MAS means greater density. 

(c) Distance: Law of the inverse square law. 

(d) Screens: Screens greatly increase density. 

(e) Film: Fresh film should be used (check expiration date on film package 
and always use film with oldest expiration date first. Keep only one week’s supply of 
film on hand in the Department). 

(f) Processing solutions: Cold, exhausted or contaminated developer impairs 
density. 

Exposure Technique 

With the foregoing in mind, we are now ready to consider the technical details of 
actual radiography. First of all, we have to decide whether to use plain cardboard 
holders or cassettes with intensifying screens, grids, cones, etc. 

Satisfactory extremity views can be made with regular film in ordinary cardboard 
holders, or in double screen cassettes, hi addition, special non-screen film is avail¬ 
able. Screens increase contrast and lessen exposure necessary. Plain films (those 
taken with cardboard holders) show slightly better detail and are free from the little 
Imperfections frequently seen in screen films. In general, when apparatus of good 
capacity is available, the use of films in cardboard holders is preferred for extremi¬ 
ties. When units of 10-15 milliampere capacity are used, as in bedside work, aboard 
ship or in small dispensaries, screens are commonly used to avoid long exposures. 
Again, in radiographing infants and small children, speed is highly essential and screens 
become indispensable. In soft tissue work, screens are preferred, as maximum con¬ 
trast is necessary. For thick parts where small cones, diaphragms, bucky or grids 
are used, screens are preferred. Information listed below may be used as a guide: 


Hand 

Wrist 

Forearm 

Elbow 

Humeral shaft, lower portion 

Foot 

Ankle 

Lower leg 


(a) Regular film in plain cardboard holders 
or cassettes with double intensifying 
screens may be used, depending upon 
the preference of the Radiologist. 

(b) Always use cassettes (screens) with 
low capacity units, and also if part 
being examined is being radiographed 
or fluoroscoped frequently. 
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Knee 

Shoulder 

Femur 

(a) 

If the part is over 10 cm. in thickness, 
double intensifying screens and Potter 
bucky diaphragm should be used. (Ly- 
sholm grid may be used for bedside work). 
Double screens, cones, cylinders and 
diaphragms will also produce excellent 
results. 

Spine 

Pelvis 

(a) 

The Potter bucky diaphragm or Lysholm 
grid is generally used, except where 
small areas are under consideration, per¬ 
mitting "spot" films by means of cones or 
cylinders. Use cassette with double inten¬ 
sifying screens. 

Abdomen 

(a) 

The Potter bucky diaphragm or Lysholm 
grid is generally used in this type of ex¬ 
amination. Use cassette with double inten¬ 
sifying screens. 

Chest 

(a) 

(b) 

For the heart and lung fields, faster tech¬ 
nique is desired in all cases, and double 
screen technique is always used. 

For the ribs, grid or bucky technique is 
best. 

Head (Skull) 

Sinuses and Mastoids 

(a) 

A bucky is nearly always employed in the 
case of sinuses and mastoids, where small 
cones and cylinders are often used. Use 
cassettes with double intensifying screens. 

Infants 

(a) 

Due to difficulty in immobilization the ut¬ 
most speed is necessary. Due to the small 
ness in size and the less density of the bone 
good results may be obtained by a "snap 
shot" or "flash" technique, employing doub] 
screens. 
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Next we come to the actual exposure. Text bboks and the various manufacturers 
furnish complete exposure guides, but due to variable local conditions, they will usual¬ 
ly need alteration. Furthermore, each worker will have certain individual preferences, 
and habits or procedure. Good results may be accomplished with widely different tech¬ 
niques, if they are correctly applied. It is important for the technician to become thor¬ 
oughly acquainted with his unit, keep in mind the fundamental laws, observe his results 
with a critical eye and try constantly for improvement. 

Double screen technique versus non screen technique for extremities involves a 
marked reduction in exposure, therefore, exposure charts usually list both screen and 
non screen technique. Intensification effects are greater with high KVP than with low, 
and as noted previously, will vary with the type of screen used. Intensity multiple chart 
may be studied in the next figure. 


Example: To convert cardboard technique of 47 KVP, 100 MAS to screens: 


1. Determine where the 47 KVP 
line intersects the diagonal. 

2. The figure vertically above 
or below gives the screen 
speed in this case about 20). 

3. Thus, we would use l/20th 
of the original exposure (in 
this case l/20th of 100 or 

5 MAS). 

Example : To convert screen technique of 

70 KVP, 3 MAS to cardboard: 

1. Screens have a speed of 
about 30 at 70 KVP (inter¬ 
section with diagonal). 

2. This means that the exposure 
will have to be increased 30 
times, (in this case to 3 
times 30 or 90 MAS). 



12 14 16 18 20 22 24 26 28 30 32 

RATIO OF SCREEN TO CARDBOARD HOLDER 
SPEED (PAR SPEED SCREENS) 


High speed screens generally permit a 24-30% decrease in exposure time, or a 
3-5 KVP decrease. 


Low speed (high definition) screens required about 25-30% more exposure time 
or an increase of 3-5 KVP. 

Operation of the X-ray Machine 

Approaching the matter of actual radiographs, the operation of the x-ray unit pre¬ 
sents itself. There is a wide variation in details of control panels, however, all embocty 
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certain essentials, namely, means of controlling the milliamperes, kilovoltage and 
time of exposure. 

Milliamperage is governed by the filament setting as previously described. Thus, 
one looks for a control to govern the amperage of the tube filament, an ammeter and a 
chart which lists the filament settings required to produce a certain milliamperage. 
Modern automatic type units are usually equipped with a control which is calibrated to 
indicate the milliamperage that will be produced for that particular setting. The control 
panel should also contain a milliameter and perhaps a ballistic (MAS) meter. 

Kilovoltage is governed by the autotransformer controls. Major and minor steps 
are provided in large units, therefore, two knobs or handles should be available on the 
control panel for making these selections. One knob would be marked Major (steps of 
10 KV), and the other marked Minor (usually in steps of 1 or 2 KV). (A bedside unit 
may have only one autotransformer control). 

Example: If a given technique called for 42 KV, the technician would adjust the 
Major control knob to 40 and the Minor control knob to 2. If a KV meter is used, adjust 
the Major control to near 40 and the Minor either up or down, until the meter reads 42. 

Timer: A timer having either a long or short scale adjustment is always present 
on all x-ray units. In addition, an impulse timer for short exposures is nearly always 
present on x-ray units of high milliampere capacity. These timers usually range from 
1/120 second (one impulse) up to 1/4 second. X-ray circuits are usually arranged so 
that the impulse timer only may be used on high capacity settings. If this circuit ar¬ 
rangement is not present, there is marked danger of damage to the x-ray tube by an 
over load in tube current. 

The regular timers are usually driven by a synchronous motor and cover a range 
of from 1/20 to 30 seconds. On small units (bedside and dental) hand timers operated 
by a clock-works mechanism are utilized. 

In addition to these fundamental controls on a unit there is usually included a switch 
controlling the operation of the bucky, a circuit breaker type switch, release buttons 
for stereoscopic shift mechanism, a hand switch or push button for x-ray exposure, a 
technique selector dial or some type of capacity selector that will adjust the machine 
so that only a low MA can be obtained when fluoroscopy or therapy is desired, various 
indicator lights, main line switches, etc. 

The control board should be studied carefully so that one can, as the saying goes, 
"operate it in his sleep'." A vast amount of trouble arises from failure to follow this 
very elementary and basic rule. 
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This brings us to the determination of the exposure factors to be used in a given 
case. For this purpose, various guides and charts are usually available in each radio- 
graphic room. In the event it becomes necessary to make a radiograph when no tech¬ 
nique chart is available, satisfactory results may be obtained by measuring the thick¬ 
ness of the part to be x-rayed, double the measurement and add 30. This result may 
be used as the KV setting. 

The MAS to employ may be as follows: 


Part _ (Distance: 36 inches) _ MAS 


Extremities, regular film (cardboard holder) . 100 

Extremities, regular film (double screen cassette) . 10 

Small parts 10 cm. thickness or over (double screens and bucky) •••• 50-60 

Skull A. P., P.A. (double screens and bucky) . 100 

Skull Lateral (double screens and Bucky) . 75 

Spine, Pelvis A. P . 100 

Lumbar Spine, Lateral. 300 

Gastro-Intestinal Tract. 100 

Urinary Tract. 100 

Gallbladder, P.A. 100 

Gallbladder, Oblique (DPT / 25) ... 15Q 

Chest, P.A. (6 ft.).10-20 


If satisfactory results are not obtained, the technician should determine whether: 

1. The exposure factors are adequate. 

2. The machine is operating properly. 

3. The x-ray tube is in good condition. 

4. The darkroom technique is proper. 

Assuming that any gross errors are ruled out, the problem will usually resolve 
itself into a proper balance of MAS and KVP. If the film appears gray and lacking in 
contrast, increase the MAS and lower the KVP., e.g., increase MAS 50% to 100% 
and decrease potential by 5 to 10 KVP. On the other hand, if there is good general 
density with poor bone detail, increase the KVP and decrease the MAS. 

Another simple and practical procedure, is to merely adjust an exposure technique 
chart, such as those furnished by various unit manufacturers, when the technique is 
not satisfactory to the radiologist. A KVP scale may be shifted up or down relative to 
the thickness of the part in centimeters (cm.). 
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Example 


Part 

Position 

Bucky 

MAS 

Distance 

KV DPT/ Respiration 

Cervical Spine A. A., O. M. .. 

A. P. 

Yes 

75 

25" E.C. 

25 

SUS. 

Cervical Spine, Lower. 

A. P. 

Yes 

75 

30" E.C. 

25 

SUS 

Cervical Spine, Lateral. 

Lat. 

No 

50 

72" E.C. 

30 

INS. 

Chest and Heart. 

. P. A. 

No 

10 

72" 

25 

INS. 

Chest and Heart.... 

Obi. 

No 

20 

72" 

25 

INS 

• 

Chest and Heart. 

Lat. 

No 

40 

72" 

27 

INS. 

Colon . 

P. A. 

Yes 

100 

36" 

30 

EXP. 

Esophagus . 

P. A. Obi. 

Yes 

50 

36" 

30 

SUS. 

Extremities with cassette 
and double screens. 

All 

No 

10 

36" 

30 

SUS. 

Fetus (near term). 

A. P. Lat 

Yes 

300 

36" 

12 

EXP. 

Gallbladder . 

P. A. 

Yes 

75 

36" E.C. 

30 

EXP. 

Gallbladder. 

Obi. 

Yes 

100 

36" E.C. 

30 

EXP. 

Genito-Urinary Tract. 

A. P. 

Yes 

75 

36" 

30 

EXP. 

Jaw, Lower. 

P. A. Obi. 

No 

50 

30" E.C. 

22 

SUS. 

Knee . 

A. P. Lat 

Yes 

75 

36" 

25 

SUS. 

Lumbar Spine. 

A. P. 

Yes 

100 

36" 

30 

EXP. 

Lumbar Spine. 

Lat. 

Yes 

300 

36" 

25 

SUS. 

Mastoid . 

Obi. Lat 

No 

50 

30" E.C. 

30 

SUS. 

Mastoid Tip Cells . 

A. P. P. A 

. No 

10 

36" E.C. 

22 

SUS. 

Optic Canal. 

P. A. Obi. 

Yes 

100 

36" E.C. 

25 

SUS. 

Pelvis or Hip. 

A. P. 

Yes 

100 

36" 

30 

SUS. 

Ribs above diaphragm. 

Obi. 

Yes 

150 

36" 

30 

INS. 

Ribs below diaphragm. 

A. P. 

Yes 

100 

36" 

30 

EXP 

Sacrum . 

A. P. 

Yes 

100 

36" E.C. 

30 

EXP. 

Sacrum .. .. 

Lat. 

Yes 

300 

36" E.C. 

30 

SUS. 

Shoulder. 

A. P. 

Yes 

75 

36" 

25 

SUS. 

Sinuses, Frontal . 

P. A. 

No 

50 

30" E.C. 

22 

SUS. 

Sinuses, Antra. 

P. A. 

No 

50 

30" E.C. 

32 

SUS. 

Sinuses, Sphenoids. 

P. A. 

No 

50 

30" E.C. 

22 

SUS. 

Sinuses, Lateral . 

Lat. 

No 

50 

30" E.C. 

22 

SUS. 

Skull . 

A. P. P. A 

. Yes 

100 

36" 

30 

SUS. 
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Part 


Position Bucky MAS Distance KV DPT/ Respiration 


Stomach. P.A. 

Stomach. Obi. 

Stomach. Lat. 


Temporal (Stenvers) .P.A. Obi. 

Tempro-Mandibular Joint.... Lat. Obi. 


Yes 

50 

30” E.C. 

30 

EXP, 

Yes 

75 

30” E.C. 

30 

EXP 

Yes 

100 

30” E.C. 

30 

EXP 

Yes 

100 

36” E.C. 

30 

SUS. 

No 

50 

25” E.C. 

22 

SUS. 


Explanatory Notes: 


A. A., O. M. 

Atlas & Axis, Open Mouth. 

DPT / (Plus) 

Double part thickness and add. 

E.C. 

Extension Cylinder. 

SUS. 

Suspend Respiration. 

INS. 

Inspiration. 

EXP. 

Expiration 


General Information 


Milliamperage and time are stated in milliampere-seconds (MAS) in the above chart. 
To find MAS, multiply milliamperage by exposure time in seconds. Thus 50 MAS, could 
be 25 MA, for 2 seconds; 100 MA for 1/2 second; or any combination where the results 
would be 50 MAS. 

Always consult the x-ray tube rating chart for maximum safe milliamperage and 
time for all exposures. Failure to do so may result in serious damage to the tube. 
Measure the thickness of the part of the region to be radiographed with the patient in 
position. (Measure along the path to be traversed by the central ray). Immobilize the 
part, use compression if possible. 

Regardless of measurement, give consideration to the variation of opacity of body 
parts in different individuals. For individuals of heavy build and weight (approximately 
190 lbs. or more) add 50% more MAS (check tube rating chart for safety limits). For 
Non-Bucky technic, where bucky exposure is charted: Use KVP shown for bucky, and 
reduce charted MAS., to approximately one-third. For bucky technic where Non-Bueky, 
exposure is charted, use KVP shown for non-bucky, and multiply charted MAS, by ap¬ 
proximately 3. Chest work, vertical with bucky; reduce target-film distance to 48", 
keeping other factors the same. 

246 


Digitized by Google 


Original from 

UNIVERSITY OF MICHIGAN 






For maximum contrast in special cases; lower the KVP by 17% and double the 
MAS (Check tube rating chart for safe limits). 

Dry Cast work (extremities) use 2 to 3 times normal exposure time. 

Wet Cast work (extremities) use 3 to 4 times normal exposure time. 

Filter - Always use a filter of at least 2 1/2 mm. of aluminum (including inherent 
filter). 

Infants (up to 2 years) Bucky technique is not necessary. Measure, multiply 
centimeter thickness by 2 and add a factor of 20. Use other factors as below: 


Region 

MAS 

Distance 

Skull 

10 

36" 

Chest 

10 

36" 

Abdomen & Spine 

20 

36" 


Extremities (measure and use adult extremity technique) 

Aged and Children (2 to 8 years): Use MAS, and distance as shown under bocty 
part, and lower the KVP by approximately ten per cent. Exception: Children's chest; 
use KVP equivalent to two centimeters greater than actual measurement. 

The relationship of all focal-film distances may be expressed by means of a conver¬ 
sion factor ( figure following). Example: Suppose that 60 milliampere-seconds, and a 
focal-film distance of 36 inches have been employed, and it is desired to increase the 
focal-film distance to 72 inches. The initial focal-film distance is located in the left 
hand vertical col umn and the desired distance is located in the horizontal column at the 
top of the chart. The required conversion factor will be found in the square common to 
both columns. The conversion factor for the above example would be 4.0. Multiply 
60 MAS., by 4.0 and the new factor would be 240 MAS. 



Table of Exposure 

-Computing Factors 



Original 
Focus- Film 


New Focus-Film’ Distance (D n ) 


Distance (DJ 

20 in. 

25 in. 

30 in. 

36 in. 

40 in. 

48 in. 

60 in. 

72 in. 

20 in. 

1.00 

1.56 

2.25 

3.22 

4.00 

5.76 

9.00 

12.96 

25 in. 

.64 

1.00 

1.44 

2.07 

2,56 

3.68 

5.76 

8.29 

30 in. 

.44 

.69 

1.00 

1.44 

1.77 

2.56 

4.00 

5.76 

36 in. 

.31 

.48 

.69 

1.00 

1.23 

1.77 

2.77 

4.00 

40 in. 

.25 

.39 

.56 

.81 

1.00 

1.44 

2.25 

3.24 

48 in. 

.17 

.27 

,39 

.59 

.69 

1.00 

1,56 

2.25 

60 in. 

.11 

.17 

.25 

,36 

.44 

.64 

1.00 

1.44 

72 in. 

.08 

.12 

.17 

.25 

,31 

.44 

.69 

1.00 
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Relationship between Kilovoltage and Time 


It is frequently necessary to estimate the kilovoltage for a given change in expo¬ 
sure time, or to determine the approximate change in exposure time necessary to 
compensate a change in kilovoltage. While it is not 
possible to give an exact rule for all cases, the 
table "Kilovoltage - Time Relation" (figure on right) 
provides estimates of the corrections that should be 
applied to kilovoltage or time when either is changed. 

It must be kept in mind that an increase in kilovoltage, 
with the exposure adjusted to maintain the same den¬ 
sity of the radiograph, will produce lower contrast in 
the radiograph, and conversely a decrease in kilo¬ 
voltage will produce higher contrast. Example: 

Suppose that with intensifying screens, a kilovoltage 
of 80 and an exposure time of 3 seconds has been 
employed, and it is desired to decrease the exposure 
time to 2 seconds. What kilovoltage is required? 

The table indicates that the decrease in exposure 
time is 50 per cent which necessitates a 20 per cent 
increase in kilovoltage: 


20% of 80 KVP = 16 KVP 
80 KVP / 16 KVP = 96 KVP 

Example : Suppose that with intensifying screens a kilovoltage of 80 and an expo¬ 
sure time of 4 seconds have been employed, and it is desired to decrease the kilovol¬ 
tage to 70. What exposure time would be required? The decrease in kilovoltage is 
about 13 per cent, which necessitates a 75 per cent increase in time. 

75% of 4 seconds = 3 seconds 

4 seconds / 3 seconds = 7 seconds 


Kilovoltage-Time Relation 

Decrease 
in Expo¬ 
sure Time 

Increase 
in Kilovoltage 

With 

Screens 

Without 

Screens 

25% 

7 % 

15% 

50% 

20% 

40% 

75% 

50% 

100% 

Increase 
in Expo¬ 
sure Time 

Decrease 
in Kilovoltage 

With 

Screens 

Without 

Screens 

25% 

5% 

10% 

50% 

10 7c 

18% 

75% 

13% 

25% 

o 

o 

16% 

30% 


Mathematical Formula for Determining Photographic Effect (P.E.) 
of Inverse Square Law, and Its Application 

Photographic Effect or P.E. is the effect that x-rays have on photographic film, 
and may be expressed mathematically as: 

„ „ KV 2 x MAS 
P.E. = —TJ- 

We see that P. E. varies directly with KV 2 and MAS, and inversely with D 2 . This leads 
to an equation whereby a new technic may be found mathematically when it becomes 
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necessary to change two of the factors involved. This may be expressed as: 


KV 2 x MAS _ Kv 2 x ? 

"™ D 2 “ D 2 


Example : Suppose that we were examining a patient, and the technic called for 
100 MAS, 50 KV and a target-film distance of 36 inches, and it became necessary to 
change the target-film distance to 30 inches, what would the decrease in MAS be In 
order to obtain the same photographic effect? It may be found as follows: 


(1) Set up formula: 


KV 2 xMAS 
- 


_ KV 2 x ? or A 
" D 2 


(2) Set up problem: 


SO 2 x 100 

ii 2 


50 2 x A 
30 2 


(Unknown MAS factor) 


(3) Since the KV is not being changed, we may cancel out the KV. 

(4) Reduce our Distance squared to a lower form, a common divisor 6 may be 
used. 

x 100 = M 2 x A 

W W 

6 2 5 2 

(5) Having reduced our distance squared, we set up a new problem as follows: 


100 _ A_ 

36 25 

The 100 being the old MAS factor, over our old distance factor (6 x 6 = 36) 

"A" being the unknown MAS factor, over our new distance factor (5x5= 25) 

(6) These figures must now be cross-multiplied: 


100 x 25 = 2500 
A x 36 = 36 A 

(7) Divide 2500 by 36: A = 0 r A = 69 

36 

(8) Our new MAS factor at 30 inch distance, would be 69 (or 70 for a more practi¬ 
cal answer. 

In the above formula, either KV, MAS or distance may be the unknown with a change 
of one or both of the other. There can be only one unknown factor for each problem. 
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Example: 


OLD 


NEW 


KV 

MAS 

D 

KV 

MAS 

D 

70 

100 

40 

65 

? 

30 

55 

10 

30 

_? 

15 

30 

40 

120 

40 

40 

100 

? 


When solving tne above problem for KV and distance, you must extract a square 
root. Since MAS is not squared, in tne problem it is not necessary to extract a square 
root of the MAS. 


Previously, we have seen that the P. E. equation involves the use of KV and MAS. 
Now it will be seen that we can substitute MA and T for MAS in the problem, thus we 
are able to solve a problem for '’Time” directly or MA directly. This will enable us 
to use the three principle variables of x-ray technic. 


Example : 


KV 2 x 


MA x T 

rv2 


KV 


x MA x T 
3 - 


D 


There may still be only one unknown in the equation, and tnis unknown may be either 
KV, MA, T, or Distance. The method of solving the problem remains the same as in 
the previous equation. 

Example : _ OLD _ NEW _ 

KV MA T D KV MA T D 

75 100 1 30 75 ? 1/2 36 


Technique Charts 

Preparing a technique chart for universal application is as impractical as attempt¬ 
ing to predict the world’s climatic conditions from only one vantage point. There are 
many conditions that cannot be controlled by super-vision, the differences in x-ray capa¬ 
city and output of the various types of apparatus found in the Navy today, the widely 
scattered geographic locations in which our equipment is installed; and the preference 
of the Radiologist as to film quality must all be considered. 

There are, however, numerous basic x-ray rules that are always applicable and 
the purpose of this discussion is to point out the various types of technique charts used 
in the Navy and the methods employed in their preparation. A thorough knowledge in 
the preparation and proper application of the technique chart will result in consistent 
production of high quality x-rays. 
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Types of X-ray Technic Charts 


1. The part thickness chart, lists kilovoltage that may be used in relation to the 
thickness of the part being examined. The chart includes a semi-fixed MAS factor, 
and a fixed distance factor, according to the body part being examined. (Figure below.) 
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1 The thickness, af part should be measured along the line a. the central ray. When an oblique 
view k, made Ih* measurements must be made obliquely alBO. 

2 Accuracy in measurement is essential a a email errors In Kv. will be greatly magnified in the 
final radiograph 

2 Make allowance for patients erf extremely heavy musculature by increasing the exposure 
!u.,-alt> more MAS) When excessive thickness is a result at sail, llabby fat, decreased 
exposure is advisable luaually less Kv.}. 

4. Always laimobilne the part as well as possible. 

5 Cast work requires either twice the exposure in time or additional Kv. (usually 5 to 10). 

§ To do »<rft tissue work, use 300 M A S. and corresponding low voltage or reduce conventional 
technique approximately 8 Kv. 

7. Use a filter, possible exception at 72 Inch distance. 

• The time to label l him u at the time of exposure. 

9 . Use smallest focal spot permissible. 


INITIAL 
ANODE-FILM 
DISTANCE 

FACTORS 

20 " 

1.0 

16 

2 3 

32 

40 

5 8 

9.0 

13 0 

25 * 

. 64 

1.0 

14 

2 1 

2 6 

37 

5 8 

03 

30 " 

.44 

.69 

1 

69 

1.4 

1.8 

2 6 

4.0 

5 0 

36 * 

.31 

48 

1.0 

1.2 

1.8 

2 8 

4 0 

40 " 

.25 

39 

56 

81 

1.0 

1.4 

2 3 

3 2 

48 " 

.17 

_ 27 
17 

39 

59 

69 

.44 

; 1-0 1 

16 

23 

60 " 

.11 

25 

36 

64 

10 

1.4 

72 " 

.08 

.12 

.17 

.25 

.31 

.44 

_^9 

60 " 

i — 
~ i° 

NfW 

ANODE-FILM 

DISTANCE 

20 " 

25 " 

30 " 

36 " 

40 " 

. 

48 " 

10. CHILDREN Extremities' Take other part for comparison. 

S1AALL CHILDREN (Under sU years): Chest Increase Kv. 2 to S. 

INFANTS. Flash technique usually best. 
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Other Charts May Be Described as Follows 


One chart utilizes scales for various KV settings, and usually employs six scales 
with different body parts listed under each scale. The thickness of the part is meas¬ 
ured and the KV setting is computed by reading the correct scale. The following condi¬ 
tions are then established: A MAS factor is assigned according to the patient's age and/ 
or condition, non-screen, and screen, as well as bucky and non-bucky technics as pro¬ 
vided on the chart. Distance is constant, varying only with the botfy part which requires 
an increased distance, as in chest work where the distance is increased to 72 inches. 
This type of chart is difficult to use, but is probably the most accurate from the stand¬ 
point of film quality. 

Another type of technique chart is one which is employed for use with a Dental type 
x-ray unit, using a fixed KV (usually about 65 KV) and a fixed MA (usually about 10-15 
MA). The variable factors are the Time and Distance. Again screen and non-screen 
technic are provided, as well as provision for a grid technique when required. 


FIXED KILOVOLTAGE TECHNIQUE CHART 


DENTAL TECHNIQUE ~ 
65 K.V.P. 10 M.A. Distance - 12 inches. 



Regular Film 

Speed Fi 

Lm 


Upper 

Lower 

Upper 

Lower 

Incisors 

8 

6 

6 

5 

Canines 

7 

7 

6 

6 

Premolars 

8 

7 

6 

6 

Molars 

8 

8 

7 

6 


The Slide Rule Chart 


Charts of this type are prepared and distributed by the various manufacturers of 
x-ray equipment and supplies. This type of chart combines the best features of the 
other charts. Body parts are selected*and a KV factor is assigned. The thickness of 
the part is measured and this factor is used in determining the KV setting. An MAS 
factor is assigned to each body part or group of parts. Distance is assigned and the 
proper cone, bucky, etc., is indicated. All of the above is conveniently arranged and 
laminated in a transparent cover. 

Radiographic Pointers and Pitfalls 

1. As a guiding rule, remember that good results are looked for - not excuses. 
Explanations seldom, if ever, quite explain. 

2. READ THE X-RAY REQUEST CAREFULLY to determine what views are to 
be taken. 


254 


Digitized by Google 


Original from 

UNIVERSITY OF MICHIGAN 



3. Perplexing cases will often have to be dealt with. It is then advisable to consult 
the roentgenologist. Otherwise you may obtain unsatisfactory views which will necessi¬ 
tate'retakes, consequently a loss of time, waste of material, and general inconvenience. 

4. Patients referred to x-ray are often ill, apprehensive or irritable. They should 
invariably be treated with kindness, courtesy, and forebearance. Care is especially 
essential when there is pain -rough handling is never permissible. Remember that x-ray 
tables are not comfortable. Use ingenuity to provide support to injured parts and get 
adequate help in moving seriously injured or helpless cases. Be careful not to add to 
injury by careless manipulation. Do not remove dressings, plaster casts, etc. of any 
kind without permission. 

5. In dealing with female patients do not forget such matters as sheets for draping 
and avoid any unnecessary exposure. Be sure to have a nurse or other woman attendant 
present. Always instruct female patients to remove hair pins, girdles, corsets, or any 
other radiopaque objects from the area being radiographed. 

6. In skull work, inquire as to dentures, removal may be necessary. 

7. Be precise in your movements and instructions. Work systematically and quietly. 
Such will instill confidence and aid in obtaining good cooperation from your patient. 

8. Make all settings and adjustments of the unit, properly place the film and film 
marker before positioning the patient. Otherwise you may be guilty of leaving someone 
in an awkward, uncomfortable and even painful position for an unduly long time. This is 
especially true when views are to be taken of ill patients in an upright position. 

9. Never smoke in the radiographic room while working with patients, such action is 
intolerable. 

10. Never attempt to interpret films, nor to discuss such films with the patient. 

11. Remember that when you share in the professional knowledge pertaining to a case, 
such knowledge is not yours to broadcast. Loose tongues are not permissible and may 
cause considerable harm. 

12. Whenever possible, out-patients should remain in the department until their films 
have been inspected. Additional views or retakes may be required. 

13. In cases of injured out-patients, determine if they are to be seen by a Medical 
Officer before they leave, and take appropriate action. 

14. To minimize exposure of patients to the softer rays which experience has shown 
are most dangerous to the skin, see that a 2 1/2 mm. filter of aluminum is in place. Oil 
immersed tubes nearly always have the equivalent of 1/2 mm. aluminum filtration so 
that an addition of a 2 mm. aluminum filter will be sufficient. 
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15. Keep account of the amount of exposure in cases subjected to frequent radiation, 
bearing in mind safe tolerances. 

16. Minimize personal exposure. 

17. When dealing with extremities of children and young adolescents, it is often wise 
to take both extremities. The unaffected one provides a means of comparison. 

18. When young children are difficult to manage, it may sometimes be well to pro¬ 
pose that a nurse or other attendant manage the child while the relatives wait elsewhere. 

19. In using any method it is not sufficient to follow charts blindly. The bulk of one 
subject may be largely bone and muscle; that of another may be soft fat. In the first 
instance there will be considerably more resistance to the passage of x-ray and more 
voltage or more milliampere seconds will be required. Again a large abdomen may be 
due to gaseous distention and the routine exposure based on its size will be too great. 
The chests of infants will require more exposure to get adequate lung detail than does 
routine chest radiography. Children and aged persons otherwise take less exposure 
than that normally required. 

20. When taking oblique views it is to be remembered that the thickness of tissue to 
be penetrated will often be different than the A. P. or lateral dimensions. Measure 
along the path of the central ray. Further, if the x-ray tube is tilted, rays are spread 
over a greater film area and some increase in exposure may be necessary. 

21. When small cones, diaphragms or extension cylinders are used, slightly more 
exposure will be needed. {The amount of Increased exposure can be marked on the cone 
itself or embodied in the exposure chart.) 

22. When using a variable ldlovoltage scale, close accuracy is essential because 
small variations cause disproportionately large effects on radiographic density. 

23. Screen speeds vary, and accordingly it is necessary to know what type of screens 
are being used. High speed screens usually permit a drop of 20 to 25% in time, or 3-4 
KVP in penetration. 

24. If special non-screen films are used in the department, care must be taken to 
prevent it from becoming mixed with regular film. 

25. Films from various manufacturers may vary in speed. If you change to a differ¬ 
ent brand, make tests to ascertain if your exposure factors will need adjustment. 

26. It is necessary to bear in mind the type of detail desired and the pathology in* 
volved in certain cases. In some instances, visualization of the periarticular structures 
may be desired rather than bone detail. Less exposure will then be in order. At times 
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two views of different density will be desired. Again In cases of chronic bone infection 
there is often a great increase in bone density. Additional views with increased expo¬ 
sure are then advisable. 

27. Film is expensive, therefore, conservation must be exercised. 

28. Always use a cone, ft limits the field of exposure to the patient and improves 
technique. 

29. Identification of films is usually accomplished by lead numerals mounted in a 
aid table frame. The Importance of correctness can hardly be overemphasized. Mis¬ 
takes may lead to annoying confusion and loss of time, or to an erroneous diagnosis. 
The correct placing of the markers for right and left is also of great importance. This 
is often not realized by inexperienced workers and sometimes leads to unpleasant re¬ 
sults. A film is often a legal record. 

With cystoscopic x-ray tables, since patients almost invariably are placed in 
the supine position, it is a good practice to mount an "R" or "L" under the table ton so 
that it will show in the corner of every film made. To avoid blacking out the num¬ 
bers when heavy exposures are made, the marker should be placed under a part of the 
body or provided with a thin strip of copper taped to the base of the marker. 

30. Make a habit of inspecting all your work with a critical eye - there is usually 
room for improvement. 

31. Bear in mind the capacity of your x-ray tubes. Tube rating charts should be 
posted in all control booths. 

32. Make certain all work is properly authorized. 

33. Don't leave exposed films in the bucky tray. Remove all film to the darkroom 
immediately upon completion of exposure. 

34. Use cassettes in regular rotation, otherwise film may remain in a cassette for 
a long period with resultant deterioration. 

35. Remember that very little stray or secondary radiation is required to fog a film, 
therefore, they must be kept in a place free of radiation. 

36. When taking several views on one film, avoid rotating the film, otherwise the 
Radiologist will be required to turn the film to study each view. 

37. Allow no nonessentlal personnel in the radiographic room. 

38. Use sand bags and compression devices to obtain support and immobilization. 

39. Stationary grids should be kept flat and protected from moisture. Do not abuse 
by rough handling. 


Digitized by Google 


257 


Original from 

UNIVERSITY OF MICHIGAN 



Anode n Heel Effect 11 


Various investigators have drawn attention to the regular distribution of radiation 
intensity from the anode face. Experiments have been described in which ionization 
measurements were made of the intensities emitted at various angles. The results 
were illuminating since a wide range of intensities that could have positive radiographic 
effect were demonstrated. Yet, little has been done to apply this inherent character¬ 
istic of all x-ray tubes - the "heel effect" - to influence balanced radiographic densi¬ 
ties in the image. It must be understood that evidence of the "heel effect" does not sig¬ 
nify a tube fault, for it is an advantageous characteristic of all x-ray tubes, and is an 
invaluable means toward producing balanced radiographic densities. 

The "heel effect" is a variation in x-ray Intensity output (depending upon the angle 
of x-ray emission from the focal spot) along the longitudinal tube axis and in relation to 
the long axis of a film. The intensity diminishes fairly rapidly from the central ray 
toward the anode side of the x-ray beam; whereas, on the cathode side of the beam, the 
intensity increases slightly over that of the central ray. Generally the "heel effect" is 
limited in its application at long focus-film distances. Using average or’short distan¬ 
ces on large film areas, its effect is most advantageous, particularly where decided 
difference in tissue densities requiring balancing of radiographic densities to avoid 
over-and-under exposure within the same image. The approximate percentage of x-ray 
intensity emitted by a tube at various angles of emission may be determined directly 
from photometric measurements of the radiographic blackening of an x-ray film. For 
radiographic purposes, this procedure is adequate and gives an indication of the approx¬ 
imate percentage of variation in the quantity that may be expected when the x-ray beam 
falls on specific areas of different sizes of x-ray films at various focus-film distances. 

The diagram following graphically represents the mean values of radiographic den¬ 
sity measurements obtained from many intensities emitted by various x-ray tubes. This 
diagram drawn to scale, shows radii emanating from the target face drawn at 4 degree 
intervals from 0 degree to 40 degrees, and intercepting horizontal lines representing 
various focus-film distances. At the termination of the radii at the bottom of the chart, 
the mean density values in percentages are indicated. For convenience, the radiograph¬ 
ic density caused by the central ray (CR) is figured at 100 per cent. To the left, or 
anode side, of the central ray, the densities diminish in value, while those to the right, 
or cathode side, increase moderately and then decrease slightly. The space between the 
vertical dotted lines beginning just below the diagram of the anode and terminating at 
the 72 inch focus-film distance line, when appropriately paired, indicates the length of 
each size of film and the approximate location at various focus-f ilig*distances of the 
respective density values created by the intensities of radiation at various angles of 
x-ray emission. For example, on the 48-inch focus-film distance line, the outermost 
pair of vertical lines representing the 36-inch length of film, passes outside the limits 
of the x-ray beam. In order to make use of the entire range of the intensities on the 
length of film, it would be necessary to employ a focus-film distance of 49 inches. All 
intensity radii would intercept at this distance; consequently, if an exposure were made, 
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the entire range of Intensities would be expected to become evident on, let us say, a 
^ radiograph of an entire spine. Since the minimal intensity in the anode portion of the 
beam, approximately 31 per cent is emitted in advance to the angle Indicated at 0 de¬ 
gree, it is obvious that the portion of the spine having least tissue density (the neck) 
should be exposed by this portion of the beam and the heavier portion (the lumbar ver¬ 
tebrae) , by the cathode portion of the beam. 


+ 



When radiographs are made at relatively short focus-film distances, a knowledge 
of the distribution of the intensity in approximate percentages delivered to a particular 
size of film at a known focus-film distance is lndispensible to correct alignment of the 
tube and part to a film at the most favorable focus-film distance. Radiographic densi¬ 
ties cannot be balanced if only the intensity of the central ray is considered. Radio¬ 
graphs are often secured in which a certain area of the image is defiuitely underexposed, 
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even though the factors seemed adequate for the tissue density traversed by the central 
ray. This condition usually occurs when Improper alignment of the tube relative to the 
part takes place. This lack of balance between radiographic densities Is typical of the 
"heel effect" of the anode when It Is Improperly applied. 

The general rule for utilizing the 'heel effect" Is as follows: Align the long axis of 
the tube parallel with the long axis of the part to be examined and direct the cathode por¬ 
tion of the beam toward the anatomic area of greatest tissue density. 

Summary 

The following conditions are necessary If good quality radiographs from the stand¬ 
point of density and contrast are to be secured: 

1. The applied kilo voltage should be such that adequate penetration of the given part 
is obtained and optimum contrast produced. 

2. The MAS value should be adequate to produce the necessary radiographic density. 

3. Reduction of secondary radiation should be effected In all body parts by the use 
of a cone, grid, or aperture diaphragm. 

4. Proper alignment of the x-ray tube to the part will assure balanced densities by 
vlrture of correct application of the "heel effect." 

5. The film must be processed as the manufacturer Intended, otherwise the effort 
expended on making a satisfactory exposure will be lost; time-temperature processing 
is recommended and should be considered as a constant. 

6. The X-ray Caliper Is Only a "Measuring Stick" 

Too much emphasis cannot be placed on the radiographer's ability to classify a 
patient according to tissue type, or the proper evaluation of the pathological condition. 
Often this information can be gained by reading the x-ray request, or obtaining a brief 
history from the patient. 

Certainly the radiographer should know what x-ray views will best demonstrate 
the anatomical area or the pathology being radiographed - should closely adhere to a 
well established technic chart - carefully instruct the patient as to respiration and non¬ 
movement. Only through experience can one hope to become familiar with all of the 
little "short cuts" which are so important In radiography. We sincerely hope, however, 
that the "X-ray Rule" and other material discussed will materially assist you in your 
career as an X-ray Technician. 
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100 MA-100 KVP Control Panel 
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100 MA-100 KVP Transportable Radiographic Hi Fluoroscopic Unit 


















!• 

i Hand : Postero-Anterlor 
| Film Size: 8 x 10 (for the average adult hand) 

Position of Part ; Seat the patient on a stool of the 
proper height at the end, or alongside the x-ray 
table. The patient should be able to rest both 
the hand and forearm comfortably on the table 
top. Place the hand on the film holder with the 
long axis of the hand and film parallel. Spread 
the fingers slightly and immobilize with a sand¬ 
bag over the wrist. 

Central Ray: Directed vertically to the third meta¬ 
carpophalangeal Joint. 



F ingers : Postero-Anterior 

Film Size: 8 x 10 (5 x 7) 

Position of Part : Seat the patient at the x-ray table 
vith hand and forearm resting on table top. 
With the hand in a P-A position on the film 
holder, spreading other fingers away from the 
one(s) being examined. 

Central Ray: Directed vertically to the proximal 
interphaluugeal Joint of the finger in question 
and film center. 




Thumb : Antero-Posterior 

Film Size: 5x7 

Position of Part: Seat the patient at the table on a 
low stool in order that the patient's shoulders 
are just above the table top level. Turn the 
patient's hand into extreme internal rotation, 
placing the thumb in an A-P position on the film 
holder. (The technician should demonstrate this 
position to the patient). With the un-affected 
hand, grasp the fingers of the affected hand to 
support and hold them out of the path of the 
central ray. 

Central Ray: Directed vertically to the proximal 
inter-phalangeal joint of the finger in question 
and film center. 
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Wrist. Postero-Ante rior 



Film Size : 8 x 10 (for two exposures) 

Position of Part: Seat patient at the end of x-ray 
table with hand and forearm resting on table top. 
Place hand in position with wrist centered to 
film holder. Allow hand to flex naturally as this 
will bring the wrist into closer apposition to film 
holder. Immobilize with sandbag over forearm, 
if necessary. 

Central Ray: Directed vertically to mid-carpal area. 



Wrist : Lateral 

Film 81ze: 8 x 10 (for two exposures) 

Position of Part : Seat patient at the end of x-ray table 
with hand and forearm resting on table top. Posi¬ 
tion in lateral position, centered to film holder. 
The ulnar side of wrist should be down on film 
holder. Make certain wrist Is in a true lateral 
position. Immobilize with sandbag over forearm, 
if necessary. 

Central Ray: Directed vertically to mid-carpal region. 



Wrist : Bending Position 

Film Size: 8 x 10 (for two positions) 

Radial Deviation: 

Position of Part; The position is the same, initially, 
as for a P-A wrist. The difference being that the 
hand is turned inward as much as possible, toward 
the radius for the exposure. The long axis of the 
film and forearm should be parallel. 

Ulnar Deviation : 

Position of Part: This position is the same as for the 
above except that the hand is turned outward to¬ 
ward the ulna as much as possible. 

Central Ray: Directed vertically to the mid-carpal 
region. 
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Forearm. Antero-Posterlor 


► 


Film Size: (Use film long enough to Include both 
ends of ulna and radius) 

Position of Part; Seat patient at end of x-ray table 
with hand and elbow resting on table top. Center 
film holder to part with palm up. Long axis of 
forearm and film should be parallel. 

Central Ray: Directed vertically to film and part 
center. 



Forearm. Lateral 

Film Size; (Long enough to include both ends of 
ulna and radius) 

Position of Part : Seat patient at end of x-ray table, 
resting both elbow and hand on table top. Flex 
elbow to 90 degrees and center film holder to 
forearm. The thumb of the hand should be up. 
Patient’s arm should be parallel to the table 
top. Long axis of both the forearm and film 
should be parallel. 

Central Ray: Directed vertically to the part and 
film center. 



Elbow . Antero-Posterlor 
Film Size: 8 x 10 (lengthwise) 

Position of Part: Seat patient at end of x-ray table 
resting hand and elbow on table top. Patient's 
elbow should be extended. Center film holder 
to elbow Joint. The forearm and arm should 
lie in the same plane, if possible. The palm 
of hand should be up. 

Central Ray : Directed vertically to elbow Joint. 
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Elbow. Lateral 



Film Size: 8 x 10 (lengthwise) 

Position of Part; Seat patient at end of x-ray table on 
a low stool. Patient's arm and forearm should 
lie in the same plane parallel to table top. Flex 
elbow joint. Rotate forearm until wrist is in 
lateral position (thumb up). 

Central Ray: Directed vertically to elbow joint and 
film center. 


I 



Humerus . Antero-Posterlor 

Film Size: (Use film long enough to include both ends 
of bone) 

Position of Part: Patient should be lying in a supine 
position on table. Rotate hand and forearm until 
palm is up. Arm should be as near parallel as 
possible to table top. It may be necessary to 
elevate the opposite shoulder on a sandbag to re¬ 
duce the part-film distance. Take care not to 
rotate humerus from an A-P position. Long axis 
of film and arm should be parallel. 

Central Ray : Directed vertically to film and part 
center. 



Humerus . Lateral (S upine Position) 

Film Size: (Use a film long enough to include both ends 
of bone) 

Position of Part : Patient should be lying supine on the 
table. Abduct affected arm slightly, flex elbow, 
rotate hand medially, resting palm of hand on 
patient's thigh. Center film holder to humerus 
making certain that the long axis of both the film 
and humerus are parallel. Adjust humerus into a 
true lateral position. 

Central Ray: Directed vertically to part and film 
center. 
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► 


Humerus . Lateral (E rect Position) 

Film Size: (Use film long enough to Include both ends 
of bone.) 

Position of Part : Seat patient at end of the table on 
stool Just high enough for him to extend his arm 
over the table. The shoulder and elbow should 
lie in the same plane. Flex patient's elbow to 90 
degrees. Rotate forearm until hand is in lateral 
position, thumb up. Center film holder to humer¬ 
us. Long axis of film and part should be parallel. 
Respiration should be suspended for the exposure. 

Central Ray: Directed vertically to film center. 



Humerus . Lateral (Trans-thoraclc projection) 

Film Size: (Use film long enough to include both ends 
of the bone.) 

Position of Part : This view may be used when patient's 
arm is fractured and held in position by plaster 
splints or other bandage that cannot be removed. 
Patient should be seated (or standing) in a lateral 
position before an upright cassette holder. The 
patient's entire body must be rotated, as neces¬ 
sary to obtain a true lateral position. Avoid 
superimposition of thoracic spine on humerus. 
Center film holder to part center. Suspend 
breathing for exposure. 

Central Ray: Directed horizontally to the film center. 
C-R may be angled upward about 7 degrees if the 
upper end of the humerus is in question. 



Shoulder. Antero-Posterior 
Film Size: 10 x 12 (crosswise) 

Position of Part: The patient may be examined in 
either the erect or Bupine position. The position 
given is for the laiter. Adjust patient in order 
that both shoulders may lie in the same plane. 
Center the film holder to the coracoid process. 
The patient's affected arm should be extended with 
palm of hand up. (If patient has a Kyphotic condi¬ 
tion, a sandbag may be placed under opposite 
shoulder to bring affected one into better film 
contact. 

Central Ray: Directed vertically to the film center. 
Suspend respiration at end of exhalation for ex¬ 
posure. 
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Shoulder Antero-Posterior /Subdeltoid Bursal 

Film Size: 8 x 10 

Position of Part: The patient should be placed on the 
table In a supine position with arms alongside 
body. Center the coracoid process of affected 
shoulder to the midline of table. Elevate the 
opposite shoulder on a sandbag. Abduct affec¬ 
ted arm slightly and pronate hand. Center the 
film holder to the coracoid process. 

Central Ray: Directed vertically to the midpoint of 
the film through the coracoid process. Suspend 
respiration at end of exhalation for exposure. 


C 


c* 



Shoulder Antero-Posterior (External Rotation) 

Film Size: 8 x 10 

Position of Part: Place the patient on the table in 
supine position with arms alongside body. Center 
coracoid process of affected shoulder to center- 
line of table. Elevate opposite shoulder on a 
sandbag. Rotate arm and forearm externally as 
much as possible without strain. Center film 
holder to the coracoid process. 

Central Ray: Directed vertically to the film center 
through the coracoid process. Suspend respira¬ 
tion at the end of eriialatlon for exposure. 



Shoulder Joint Axial Projection (Supero-Inferior) 

Film Size: 8 x 10 (Lengthwise) Use curved cassette 
if available. 

Position of Part; Seat the patient at the end of the 
table on a stool high enough to enable patient to 
extend shoulder joint over table and cassette. 
Flex elbow and abduct arm to a right angle to 
the body. Align long axis of arm and film to as 
near parallel as possible. Center the film holder 
to the central ray. (If a curved cassette is used, 
hold in position with sandbags.) 

Central Ray: Require patient to tilt his head toward 
the unaffected shoulder. Direct the C-R to the 
shoulder joint at an angle of 20-25 degrees to¬ 
ward the elbow. Suspend respiration for expo¬ 
sure. 
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Shoulder Joint Axial Projection (Infero-Superior) 

Film Size: 8 x 10 (Placed In vertical position above 
shoulder.) 

Position of Part: The patient should be lying in a 
supine position. The head and shoulders should 
be elevated about three inches on sandbags. 
Abduct affected arm to a right angle to the body, 
keeping hand and wrist in a lateral position. 
Center the film holder to the central ray. 

Central Ray: Directed horizontally to the axilla and 
acromio clavicular articulation. The amount of 
medial angulation necessary will depend upon 
the amount of abduction. 



Shoulder Acromioclavicular Articulations (Bilateral) 

Film Size: 14 x 17 (Crosswise) 

Position of Part: The examination must be made with 
the patient seated or standing before an upright 
cassette holder. Patient's arms should be along 
his sides and shoulders level. Weight should be 
equally distributed on both feet. Film holder 
should be centered to the body at the level of the 
acromioclavicular articulations. The patient 
should be facing the cassette holder. 

Central Ray: Directed horizontally to the midpoint of 
film holder. Respiration should be suspended 
for the exposure. 



Sternoclavicular Articulation Unilateral Postero- 
Anterlor 

Film Size: 8 x 10 

Position of Part: Patient should be lying in a prone 
position, the midline of body to midline of table. 
Turn the head toward the side being examined. 
This will cause a slight rotation of body and move 
the spine away from superimposing upon the 
joint in question. Center the film to the manu- 
brlal notch. 

Central Ray: Directed vertically to the film center. 
Stop breathing at the end of exhalation for the 
exposure. 
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Sternoclavicular Articulations Oblique Postero- 

Anterlor (Body Contact Projection) I 

Film Size: 8 x 10 (Crosswise) £j 

Position of Part: Patient should be lying in a prone po¬ 
sition, head not turned, arms alongside boqy. Mark 
the location of the spinous process of the third thor¬ 
acic vertebra with a pencil. Make similar marks 
6 cm. on each side of the first mark. Center film 
holder to the level of the manubrial notch. 

Central Ray: Angle the tube 5 degrees toward the 
midline of the botfy. The central ray should 
enter at one of the marks 6 cms. from the spine. 
Without changing the film, shift the tube 10 de¬ 
grees in the opposite direction (it will again be 
at a 5 degree angle toward the midline), center 
to the other mark 6 cms. from the midline and 
make a second exposure. Patient should stop 
breathing for exposures. (The spine will be 
obliterated.) 



Sternoclavicular Articulations Postero-Anterior 

Film Size: 8 x 10 (Crosswise) 

Position of Part: Patient should be in a prone posi¬ 
tion with the mid-saggital plane of the body in the 
table center. The head should not be turned to 
one side. Film holder should be centered to the 
manubrial notch. (Level of spinous process of 
third thoracic vertebra.) 

Central Ray: Directed vertically to the film center. 
Stop breathing at the end of exhalation for ex¬ 
posure. 



Sternoclavicular Articulations Lateral 

Film Size: 8 x 10 (Lengthwise) 

Position of Part: The patient should be standing in a 
lateral position before an upright cassette holder. 
Fold arms behind back and stand straight with chin 
slightly extended. Make certain patient is in a 
true lateral position. Rotate shoulders backward, 
keeping them level. Center film holder to level 
of manubrial notch. 

Central Ray: Directed horizontally to film center. 

Stop breathing at the end of deep inhalation for 
exposure. 
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Scapula Anterior Oblique 
Film Size: 10 x 12 (Lenthwise) 

) Position of Part: The patient should be in a supine 
position on the table. Extend the affected arm 
upward, flex the elbow and rest it on patient T s 
forehead. Elevate hip on affected side slightly 
on a sandbag. Holding scapula between the thumb 
and index finger, adjust rotation of body until the 
scapula is free of the rib cage. 

Central Ray: Directed vertically to the edge of the 
protruding scapula. Suspend respiration for 
exposure. 



Scapula Lateral 

Film Size: 10 x 12 

Position of Part: The patient should be standing in a 
P-A oblique position before an upright cassette 
holder. The hand on affected side should be rest¬ 
ing on patient’s hip, palm down. The affected 
shoulder should be in contact with film holder. 
The other arm should be raised and patient may 
grasp a part of cassette holder to hold in posi¬ 
tion. Film holder is centered to scapula. Adjust 
position of hand on hip so that the humerus does 
not overlap the scapula. 

Central Ray: Directed at a right angle to film center, 
entering the protruding edge of scapula. Suspend 
respiration for exposure. 



Sternum Oblique Postero-Anterior 
Film Size: 10 x 12 (Lengthwise) 

Position of Part: With the patient in a prone position 
adjust him into a modified right oblique. (This 
will utilize the heart shadow.) Use forearm and 
flexed knee for support. Center the film holder 
to the sternum. Adjust body rotation just enough 
to avoid superimposing the spine upon the sternum. 
This will vary according to a patient’s body build. 
Central Ray; Directed vertically to the mid-point of 
the film. Suspend respiration at the end of exhal¬ 
ation for exposure. 
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Sternum Lateral (Erect Position) 

Film Size: 10 x 12 

Position of Part: The patient should be seated or 
standing before an upright cassette holder In a 
lateral position. Patient should stand straight, 
chin up and close to cassette holder. Take care 
not to allow sternum to be tilted from a vertical 
position. Arms may be folded behind patient's 
body or hanging at sides, as preferred. 

Central Bay; Directed horizontally to the midpoint 
of film. Suspend respiration for exposure. 


Foot Antero-Posterlor 

Film Size: 8 x 10 or 10 x 12 (Depending upon size 
of foot) 

Position of Part: Patient should be lying supine, affec¬ 
ted extremity flexed to bring affected foot into an 
A-P position. (Sole of foot on table). Center foot 
to film holder. 

Central Bay: Directed vertically to the base of the 
third metatarsal. 


Foot Oblique 

Film Size: 8 x 10 or 10 x 12 (Depending upon size 
of foot) 

Position of Part : Patient should be lying in a later¬ 
al recumbent position, lying on affected side 
with knees flexed. Partially extend affected leg 
and rotate foot until the sole is at a 25 degree 
angle to the film. Center film to the base of 
fifth metatarsal so that the long axis of film 
and foot are parallel. Support heel on sandbag, 
if necessary. Use sandbag over ankle to immo¬ 
bilize. 

Central Ray: Directed vertically to film center. 
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Foot Lateral 

Film Size: 8 x 10 or 10 x 12 (Depending upon size 
of foot) 

Position of Part : Essentially the same as for oblique 
foot, except that the foot Is not rotated Into an 
oblique position, but is adjusted Into a true 
lateral position. Film holder should be cen¬ 
tered to the base of the fifth metatarsal. Long 
axis of film and foot should be parallel. 

Central Ray: Directed vertically to film center. 


/4 


Toes Antero-Posterlor 

Film Size: 8 x 10 (For two views) 

Position of Part : Place patient in supine position on 
the table. Flex knee of affected leg to place foot 
in an A-P position. Center the toes to one-half 
of film holder. (Cover remaining half with lead 
mask.) 

Central Ray: Directed vertically to film center. 



Toes Oblique 

Film Size: 8 x 10 (For two exposures) 

Position of Part; Place patient in a lateral recum - 
bent position, lying on affected side. Partially 
extend affected extremity. Rotate patient to¬ 
ward a prone position until the ball of patient's 
foot is at a 25 degree angle to the plane of the 
film. Elevate heel, as necessary, by placing a 
small sancbag under it. Immobilize with sand¬ 
bag over the ankle. Center part to film 
Central Ray: Directed vertically to the second meta¬ 
tarsophalangeal Joint. 
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Toes Lateral (Great Toe) 

Film Size: 8 x 10 (For two exposures) 

Position of Part: Place patient in a lateral recumbent 
position, lying on unaffected side. Extend the af¬ 
fected extremity and support on sandbag. Rotate 
foot as necessary to bring great toe into a true 
lateral position. Center toe to film holder. Flex 
other toes of foot in order to keep them out of 
the path of the central ray. (Tape may be used 
to hold unaffected toes.) 

Central Ray: Directed vertically to film center. 




Toes Lateral (Lesser Toes) 

Film Size: Occlusal Dental Film 
Position of Part: Patient should be in essentially the 
same position as for great toe, lateral. The 
occlusal film is slipped between the toes and 
supported in position with corks or sandbags. 
The unaffected toes are flexed out of position 
and may be held thus with tape. Make certain 
affected toe is in true lateral position. 

Central Ray: Directed at a right angle to plane of 
film and to film and part center. 


Foot Longitudinal Arch (Weight Bearing) 

Film Size: 8 x 10 or 10 x 12 (Depending upon size 
of foot) 

Position of Part : Patient should be standing on a 
low bench made expressly for this purpose. 
(This device is constructed with a slot in the 
center of its top just large enough to hold a 
film holder in an upright position, with one- 
half of the holder exposed above the bench sur¬ 
face. The lower half of the film is protected by 
a lead mask.) The patient should stand erect 
with weight equally distributed on both feet, 
astraddle the film holder. 

Central Ray: The C-R is directed horizontally en¬ 
tering the lateral surface of the foot at the base 
of the fifth metatarsal. 
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Os Calcis Lateral 


Film Size; 8 x 10 

Position of Part; Patient lies on affected side with 
knees flexed. Partially extend effected ex¬ 
tremity. Center os calcls to film center, ro¬ 
tating foot as necessary, for a true lateral 
position. Immobilize with sandbag over ankle 
as necessary. 

Central Ray: Directed vertically to part and film 
center. 



Os Calcls Plantodorsal 

Film Size: 8 x 10 (for bilateral exam using one 
exposure) 

Position of Part: Patient should be in a supine or 
seated position with legs fully extended. Center 
film holder between ankle joints. Allow patient 
to hold ankles in hyperflexion with a piece of 
roller gauze. Position is correct when plane 
of sole of foot and film are at right angles. 

Central Ray: Angle tube until the C-R forms an 
angle of from 35 to 40 degrees to the plane 
of soles of feet. C-R should enter at the level 
of the base of the fifth metatarsals. 



Os Calcis Dorsoplantar 

Film Size: 8 x 10 (For bilateral exam using one 
exposure) 

Position of Part: Patient should be in a prone posi¬ 
tion with legs fully extended. Place sandbags 
under ankles to support weight of feet. Position 
film holder against soles of feet. (Should be 
vertical, if possible.) 

Central Ray: Angle tube until C-R forms a 35 to 40 
degree angle to plane of film. C-R suould enter 
film at the level of base of fifth metatarsal. 
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Ankle Antero-Posterior 



Film Size: 8 x 10 (Lengthwise) 

Position of Part: The patient should be in a supine 
position. A small sandbag may be placed under 
each knee to relieve the strain. Center the film 
holder to the ankle joint. Invert foot slightly. 
(Not more than 5 degrees.) Place sandbag 
against the sole of foot to aid in immobilizing. 
Central Ray: Directed vertically to ankle joint. 



Ankle Oblique 

Film Size: 8 x 10 (Lengthwise) 

Position of Part : The patient should be in a supine 
position. For an internal oblique, rotate the 
entire leg and thigh to approximately 45 degrees 
internally. For an external oblique, rotate the 
entire leg and thigh to 45 degrees externally. 
Center film holder to the ankle joint. 

Central Ray: Directed vertically to ankle joint. 



Ankle Lateral 

Film Size: 8 x 10 

Position of Part: The patient should be lying in a 
lateral recumbent position, lying on affected 
side. Center film holder to ankle joint. Make 
certain that the joint is in a true lateral posi¬ 
tion. Use sandbags as necessary to adjust posi¬ 
tion and immobilize. 

Central Ray: Directed vertically to ankle joint. 


t 
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Leg Antero-PoBterlor 

Film Size: Use a film long enough to include both 
ends of tibia. (A-P and lateral may be taken on 
same film) 

Position of Part : Patient should be in a supine posi¬ 
tion. Center film holder to affected leg. Adjust 
leg to a true A-P position. (This may call for 
slightly inverting the foot.) Place a sandbag 
against the sole of foot to aid in immobilizing. 

Central Hay: Directed vertically to the film center. 
(Both legs may be examined with one exposure 
and, when this is desired, the C-R is directed 
to a point midway between the legs to the film 
center. 



Leg Lateral 

Film Size: Use a film long enough to include both 
ends of the tibia. 

Position of Part : Patient should be lying in a lat¬ 
eral recumbent position with the unaffected 
knee flexed. The affected side should be down. 
Center film holder to part center. Make certain 
that the leg is in a true lateral position. Use 
sandbags to aid in positioning and to immobilize. 

Central Ray: Directed vertically to film center. 



Knee Antero-Posterlor 

Film Size: 8 x 10 

Position of Part: Patient should be in a supine posi¬ 
tion with the unaffected leg moderately flexed for 
comfort. Center film holder to knee joint. Make 
certain knee is in a true A-P position. Use sand¬ 
bags to aid in positioning and to immobilize. 

Central Ray: Directed vertically to film center. (If 
joint space is desired, angle tube from 5 to 10 
degrees toward the head.) 
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Knee Postero-Anterior 
Film Size: 8 x 10 


e 



Position of Part: The patient should be lying in a 
prone position with legs extended. Place sand 
bags under ankle to support weight off of toes. 
Center film holder to knee joint. Adjust knee to 
true P-A position by rotating the entire leg, as 
necessary. Immobilize with sandbags. 

Central Ray: Directed vertically to the knee joint. 



Knee Lateral 

Film Size: 8 x 10 

Position of Part : The patient should be placed in a 
lateral recumbent position, lying on the affec¬ 
ted side. The affected knee should be flexed to 
90 degrees, if possible and centered to the film 
holder. The unaffected knee should be extended 
behind the affected knee. Rotate the hips as 
necessary to bring the knee into a true lateral 
position. Use sandbags to immobilize. 

Central Ray: Directed vertically to the knee joint 
and mid-point of film. 



Knee Intercondyloid Space Holmblad Position 
(Kneeling Position) 

Size of Film : 5x7 

Position of Part : Place the patient in a kneeling posi¬ 
tion on the table. Allow toes to extend past the 
end of the table. Instruct patient to lean forward 
on hands until the long axis of the thigh forms a 
70 degree angle with the table top. Center film 
to knee joint. 

Central Ray: The central ray is directed vertically 
to film center. 
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Knee In terconciyloid Space Antero-Posterior 
(Beclere Position) 

Film Size: 5x7 (An 8 x 10 curved cassette is 
preferred.) 

Position of Part: The patient should be lying in a 
supine position. Use sandbags to elevate the 
affected leg until the leg and thigh form an angle 
of 120 degrees. Center the film holder to the 
central ray. Adjust knee making certain that 
there is no rotation. 

Central Ray: The tube is angled until the central 
ray enters the knee joint at a right angle to the 
long axis of the tibia. The C-R will then be 
parallel to the tibial plateau. 



Patella (Postero-Anterior ) 

Film Size: 5x7 

Position of Part: The patient should be placed in a 
prone position on the table. Sandbags should be 
placed under ankles to relieve strain on toes. 
Center film holder to patella. Adjust knee as 
necessary to position patella in a true P-A posi¬ 
tion. 

Central Ray: Direct central ray vertically to film 
center. 



Patella Axial Projection (Infero-superior) 

Film Size: 5x7 

Position of Part: The patient should be in a prone 
position on the table. Flex affected knee until 
the leg and thigh form an angle slightly less than 
90 degrees. Center film holder to patella. Patient 
may support leg in flexed position with a piece of 
roller bandage around the ankle and held in his 
hand. (This position should not be used if a tans- 
verse fracture of the patella exists. This can be 
ruled out by means of a lateral projection) 

Central Ray: The tube is angled in order that the C-R 
will pass along the long axis of the patella and be¬ 
tween the patella and distal end of femur. 



279 


Digitized by Google 


Original from 

UNIVERSITY OF MICHIGAN 




Patella Axial Projection (Mero-Superior) 

Film Size: 5x7 

Position of Part: The patient should be placed in a 
supine position on the table with the affected leg 
flexed until the patient's foot rests with the sole 
on the table top. The film holder Is placed on the 
anterior surface of the knee and distal thigh with 
the patella In the film center. The long axis of 
the film and thigh should be parallel. The patient 
may hold film holder In place or It may be se¬ 
cured in place with tape. 

Central Ray: The tube is angled In order that the C- 
R will pass parallel to the long axis of the pa¬ 
tella and pass between the patella and distal end 
of the femur. 



Thigh Antero-Posterlor 

Film Size: Use a film long enough to Include both 
ends of the femur, ff both ends of the bone can¬ 
not be Included In one exposure, two smaller 
films and two exposures will be necessary. 

Position of Part: The patient should be lying In a 
supine position with the affected thigh In center 
line of table. Adjust leg into a true A-P position 
by rotating entire leg and thigh. The pelvis 
should not be rotated. Use sandbags over leg 
and ankle to Immobilize. Center the film holder 
to the part. 

Central Ray: Directed vertically to film center. 



Thigh Lateral (Full length) 

Film Size; Use a film long enough to include both 
ends of the femur. H both ends of the femur can¬ 
not be Included, two exposures must be used. 

Position of Part: The patient should be lying in a lat¬ 
eral position with the affected side down. Flex 
the unaffected knee and draw backward. Use 
sandbags to aid In holding patient In position. 
Flex affected knee slightly and center thigh to 
center-line of table. While holding the thigh in 
this position, rotate hips backwards a small 
amount to avoid superimposition. About 10 to 15 
degrees from lateral Is sufficient. Center film 
holder to part. 

Central Ray: Directed vertically to film center. 
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Thigh Lateral (Lower two-thirds) 

^ Film Size: 11 x 14 (Lengthwise) 

Position of Part: The patient should be lying in a 
lateral recumbent position, on affected side. 
Draw the unaffected leg forward and support in 
position on sandbags for comfort. Flex affected 
leg moderately and position to center-line of 
table. Rotate patient's pelvis as necessary to 
bring femur into a true lateral position. Center 
film holder to part center. (Portion being ex¬ 
amined). 

Central Ray: Directed vertically to film center. 



Hip Antero-Posterior 

Film Size: 10 x 12 (Lengthwise) 

Position of Part: The patient should be lying in a 
supine position on the table. Support ankles on 
sancbags. Make certain there is no rotation of 
pelvis. Align affected hip to table centerline. 
Center film holder to level of highest point on 
greater trochanter. Invert feet about 15 degrees 
and support with sandbags. 

Central Ray: Directed vertically to film center. Pa¬ 
tient should stop breathing during exposure. 



Hip Lateral 

Film Size: 8 x 10 (Lengthwise) 

Position of Part: The patient should be lying in a 
supine position on the table. The affected leg 
extended, the unaffected leg somewhat abducted 
and knee flexed to place foot on table top. Posi¬ 
tion film holder at patient's side with its long 
axis parallel to the long axis of the femoral neck. 
Prop film holder in place with sandbags. Invert 
foot of affected leg slightly, if possible. (Be ex¬ 
tremely cautious when fractures are suspected.) 

Central Ray: Directed horizontally under the unaffec¬ 
ted knee at such an angle as to be at a right angle 
to the long axis of the femoral neck striking the 
film center. 

► 
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Hips Lateral (Frog Position) 

Film Size: 14 x 17 (Crosswise) 

Position of Part: Place the patient in a supine posi¬ 
tion on the table. Align the midsaggital plane to 
the midline of the table. Flex knees and abduct 
thighs as much as possible. Draw the feet up as 
close to the buttocks as possible. Be careful to 
abduct each thigh the same degree. Align film 
holder to the central ray. 

Central Ray: Angle the tube so that the C-R will be 
parallel to the long axis of the femoral shafts 
and direct it to the symphysis pubis. Stop breath¬ 
ing during the exposure. 



Pelvis Antero-Posterlor 
Film Size: 14 x 17 (Crosswise) 

Position of Part: Place the patient on the table in a 
supine position. Align the midsaggital plane of 
body to the centerline of the table. Extend both 
legs and support knees on sandbags to relieve 
strain. Invert toes slightly. Center film holder 
so that about 1 1/2-2 inches extends above the 
iliac crests. 

Central Ray: Directed vertically to the midpoint of 
the Him. Stop breathing during exposure. 



Pelvis Lateral 

Film Size : 14 x 17 (Lengthwise) 

Position of Part: The patient may be examined in 
either an erect or recumbent position. The latter 
will be described here. Align the patient to the 
center line of table. The midaxillary line should 
coincide with table center line. A loofa sponge 
or other radioluscent material may be placed 
under patient's flank to avoid curvature of the 
spine due to sag. The legs may be flexed or ex¬ 
tended according to the requesting physician's 
wishes. Use a restraining band across hips to 
aid in immobilizing. Center film holder to the 
central ray. 

Central Ray: Directed vertically to film center. Film 
should be positioned so that about 1 1/2-2 Inches 
extends above the iliac crests. Stop breathing 
for exposure. 

282 


Digitized by 


Original from 

UNIVERSITY OF MICHIGAN 



Pubes Axial Projection 
Film Size: 8 x 10 (Crosswise) 

Position of Part: Place the patient on the table In a 
seated-erect position. Align the midsaggltal plane 
of the body to the midline of the table. Have pa¬ 
tient extend arms backward for support and lean 
backward 45-50 degrees (enough to place the 
pubic arch In a vertical position). Center film 
holder to the level of the greater trochanters. 
Central Ray; Directed vertically to the midpoint of 
the film. Stop breathing during the exposure. 



Pubes Po ate ro -Ante rl or 
Film Size: 8 x 10 (Crosswise) 

Position of Part: The patient should be in a prone 
position on the table. The mid saggltal plane of 
body and center line of table should be aligned 
together. Make certain there is no rotation of 
pelvis. Use sandbags to support ankles. 
Central Ray: Directed vertically to the midpoint of 
film, which is centered to the level of the 
greater trochanters. Stop breathing during ex¬ 
posure. 



Plum Antero-Oblique 

Film Size : 10 x 12 (Lenthwise) 

Position of Part: Place the patient in a supine posi¬ 
tion. Elevate the unaffected side until the body 
is rotated 40-50 degrees. Center the antero- 
superior iliac spine to the midline of the table. 
Adjust legs as necessary to make the patient 
comfortable. Center the film holder to the level 
of the antero-superior iliac spine. 

Central Ray: Directed vertically to the midpoint of 
film. Stop breathing during the exposure. 
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Plum Oblique 

Film Size: 10 x 12 (Lengthwise) 

Position of Part: Place the patient in a lateral recum¬ 
bent position. Align the anterior superior iliac 
spine of affected hip to centerline of table. Rotate 
the patient forward until the pelvis is at a 45-50 
degree angle. Flex knee of unaffected leg for sup¬ 
port. Center the film holder to the antero-super- 
lor iliac spine. 

Central Bay: Directed vertically to the midpoint of 
film. Stop breathing for exposure. 



Atlas & Axis Ante ro-Posterior (Open Mouth Pro¬ 
jection) 

Film Size: 8 x 10 

Position of Part: The patient should be placed in a 
supine position on the table. Align the midsag- 
gital plane of skull to midline of table. Require 
patient to hold mouth open moderately and posi¬ 
tion head so that the upper occlusal plane is ver¬ 
tical. Center film holder to the central ray. A 
large cork may be used to hold mouth open. Have 
patient say "AH" during exposure. 

Central Ray: Directed vertically to the center of the 
open mouth. 



Cervical Vertebrae Ante ro-Oblique (Erect Method) 
Film Size: 8 x 10 (Lengthwise) 

Position of Part : The patient should be seated erect 
before an upright cassette holder, facing away 
from same. Turn body until the midsaggital plane 
is at a 45 degree angle to the film. Depress chin 
slightly. Immobilize with head clamps. Center 
film holder to C-R. 

Central Ray: Directed to the 4th cervical vertebrae 
at an angle of 16-20 degrees toward the head. 
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Cervical Vertebrae Lateral (Erect) 

Film Size: 8 x 10 (Lengthwise) 

Position of Part: The patient should be seated or 
standing In a lateral position before an upright 
cassette holder. Slightly extend chin. Care must 
be taken to insure that the midsaggltal plane re¬ 
mains vertical. Center the film holder to the 4th 
cervical vertebrae. The patient may hold weights 
in each hand to depress shoulders as much as 
possible. 

Central Ray: Directed horizontally to the midpoint 
of the film. Stop breathing for exposure. Use a 
long target-film-distance because of the great 
part-film-distance. 



Atlas ft Axis Lateral 

Film Size: 8x10 

Position of Part: The patient may be examined in an 
erect or siqtlne position. The latter will be dis¬ 
cussed here. The midsaggltal plane of skull 
should be vertical. Place the film holder in a 
vertical position alongside patient's head cen¬ 
tered to the mastoid process. Extend chin slight¬ 
ly so the mandibular rami will not overlap part. 

Centaal Ray: The C-R is directed horizontally to the 
midpoint of the film. Stop breathing during ex¬ 
posure. 



Lower Cervical Vertebrae Antero-Posterior 
Film Size; 8 x 10 (Lengthwise) 

Position of Part: The patient may be examined in an 
erect or supine position. The latter will be dis¬ 
cussed here. The midsaggltal plane of the botfy 
should be vertical, and aligned to the centerline 
of the table. Shoulders should be level. Align 
the film holder to the C-R. Moderately extend 
chin. 

Central Ray: Directed at an angle of 15 to 20 de¬ 
grees toward the head to the laryngeal promi*- 
nence. (The C-R may be directed vertically 
in some Instances.) 
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Cervicothoraclc Region Lateral 
Film Size; 8 x 10 (Lengthwise) 

Position of Part; Place the patient In a lateral re¬ 
cumbent position. Support patient's head on 
sandbags to bring cervical spine Into same plane 
as thoracic. Attach a piece of roller gauze to 
table and nearest feet. It should be long enough 
for the patient to hold with his upper hand. The 
lower arm should be drawn forward, elbow acute¬ 
ly flexed and palm of hand placed under the head. 
Adjust body Into a true lateral position. Center 
the film holder to the vertebrae in question, 
usually the 7th cervical to the 3rd thoracic. 
Central Rav: Directed vertically to the midpoint of 
of the film. (Patients with a limited amount of 
flexion in shoulders may required it to be direc¬ 
ted 3-5 degrees toward the feet.) Stop breathing 
for exposure. 

Thoracic Vertebrae Antero-Posterior 
Film Size; 14 x 17 (Lengthwise) 

Position of Part; Place the patient on the table in a 
supine position, arms extended along sides, 
knees flexed and soles of feet flat on table top. 
Center the midline of the body to the midline of 
the table. Both shoulders should lie in the same 
plane. Center the film holder to the level of T-6. 
Central Ray: Directed vertically to the midpoint of 
the film. (About three or four inches below the 
manubrlal notch.) Stop breathing on full exhala¬ 
tion for exposure. Utilize the "heel effect," if 
possible. 



Thoracic Vertebrae Oblique 
Film Size : 14 x 17 (Lengthwise) 

Position of Part: Place the patient on table in a lat¬ 
eral recumbent position. Elevate the head until 
cervical and thoracic spines lie in the same 
plane. Patient's arm next to the table should be 
behind the body. The upper arm and hand may 
be used to hold the patient in position. Rotate the 
body forward about 20 degrees from a true later¬ 
al. Center the cassette holder to the 6th thoracic 
vertebra. (This view may also be taken with a 
backward rotation of the body.) 

Central Ray: Directed vertically to the midpoint of 
the film. Patient should stop breathing upon ex¬ 
halation during the exposure. 
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t .nmhar Vertebrae Antero-Posterlor 
Film Size: 11 x 14 (Lengthwise) A 14 x 17 may be 
used when adjacent areas are to be shown. 
Position of Part; The patient should be placed In a 
supine position on the table. The legs may be 
extended or flexed, depending upon the desires 
of the radiologist. (Flexed knees will flatten the 
lumbar curve.) The midline of the body should 
be aligned to the midline of the table. Center 
the film holder to the level of the highest point 
of the iliac crest. 

Central Ray: Directed vertically to the midpoint of 
the film. Patient should stop breathing upon ex¬ 
halation during the exposure. 



Lumbar Vertebrae Lateral 

Film Size: 11 x 14 (Lengthwise) A 14 x 17 film may 
be used if adjacent areas are to be shown. 

Position of Part: Place the patient In a lateral re¬ 
cumbent position on the table. Flex the knees to 
a comfortable position. Draw the lower arm for¬ 
ward, flex the elbow and rest patient's head on 
palm of hand. The upper arm and hand may be 
used to support position. Aloofa sponge may be 
placed under patient's flank to reduce the sag of 
the spine due to wide hips and shoulders. Center 
the midaxillary line to the center line of the 
table. Center the film holder to the level of the 
iliac crest. 

Central Ray: Directed vertically to the midpoint of 
the film. The patient should stop breathing 
upon exhalation during the exposure. 

Lumbar Vertebrae Postero-Oblique 

Film Size: 14 x 17 (Lengthwise) 

Position of Part: With the patient in a prone posi¬ 
tion elevate the side being examined to approxi¬ 
mately a 45 degree angle. Allow patient to sup¬ 
port himself upon flexed knee and elbow. Adjust 
spine to the midline of the table. Center the film 
holder to the level of the iliac crests. 

Central Ray: Directed vertically to the film center. 
Stop breathing upon exhalation during the ex¬ 
posure. 
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Lumbar Vertebrae Lateral Bending Projections 

(Central Ray Direction Is P-A) I 

Film Size: 14 x 17 (Lengthwise) 

Position of Part; The patient Is positioned in a stand¬ 
ing position before an upright cassette holder, the 
midline of the body and centerline of cassette 
holder should be aligned together. Immobilize the 
patient's hips with a restraining band. Instruct 
patient to lean to the right (or left) as much as 
possible without moving hips, bending from the 
hips. Center the film to the level of the iliac 
crests. 

Central Ray: Directed to the midpoint of the film at 
an angle of 15 degrees toward the feet. 


Lumbar Vertebrae Forward and Backward Bending 
Protections (Central Ray direction is as for a 
Lateral View) 

Film Size; 14 x 17 (Lengthwise) 

Position of Part : The patient should be standing in a 
lateral position before an upright cassette holder. 
Align the midaxlllaiy line to the center line of 
the cassette holder. Use a restraining band to 
aid holding patient In position. Two views are 
taken, first with the patient bending forward as 
much as possible without moving hips. Then a 
second film is exposed with the patient bending 
backward as much as possible. The film is cen¬ 
tered to the level of the iliac crests. 

Central Ray: Directed horizontally to the film center. 
Stop breathing upon exhalation for exposure. 

Sacro-Illac Joints Oblique P-A View 
Film Size: 8 x 10 or 10 x 12 (Lengthwise) 

Position of Part: Place the patient in a prone position 
on the table. Elevate the unaffected side to about 
a 25-30 degree oblique and center the affected 
joint to the midline of the table. Center the film 
to the level of the anterior-superior iliac spines. 
Central Ray: Directed vertically to the midpoint of 
the film. Stop breathing upon exhalation for ex¬ 
posure. 
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Sacro-Iliac Joints Oblique A-P 
| Film Size: 8 x 10 or 10 x 12 

Position of Part: Place the patient on the table in a 
supine position. Elevate the affected side to about 
a 25-30 degree angle and center the affected Joint 
to the midline of the table. Center the film to the 
level of the antero-superior iliac spines. 

Central Rav: Directed vertically to the midpoint of 
the film. Stop breathing upon exhalation for the 
exposure. 



Lumbo-Sacral Articulation Antero-Posterlor 
Film Size: 8 x 10 or 10 x 12 (Lengthwise) 
Position of Part: Place the patient In a supine 
position, midline of the body aligned to the 
centerline of the table. Allow legs to be ex¬ 
tended. Sandbags may be placed under knees 
for comfort. Center the film to the central ray. 
Central Ravi Directed at an angle of 15 to 25 de¬ 
grees toward the head through the lumbo-sacral 
articulation. Degree of angulation will depend 
upon the degree of lordotic curvature. Stop 
breathing for exposure. 



Lumbo-Sacral Articulation Postero-Anterior 
Film Size: 8 x 10 or 10 x 12 (Lengthwise) 

Position of Part: The patient should be placed on 
the table In a prone position. Align the midline 
of the body to the centerline of the table. Center 
the film holder to the central ray. 

Central Ray; Directed at an angle of 15-25 degrees 
toward the feet through the lumbo-sacral artic¬ 
ulation. Stop breathing during the exposure. 
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Ln mho-Sacral Artlculatloii Lateral 



Film Size: 8 x 10 or 10 x 12 (Lengthwise) 

Position of Part: Place the patient on the table in a 
lateral recumbent position with knees moderate¬ 
ly flexed for comfort. Place a loo fa sponge under 
patient's flank if necessary to avoid sag of spine 
when the hips and shoulders are broad. Align 
the L-S articulation to the centerline of the table. 
Center the film to the central ray. 

Central Ray: Directed vertically through the lumbo¬ 
sacral articulation. Stop breathing upon exhala¬ 
tion during the exposure. 



Sacro-Hiac Joints Axial View 

Film Size: 10 x 12 (Crosswise) 

Position of Part: Seat the patient well back on the end 
of the table with the midline of the body aligned to 
the midline of the table. Have the patient bend 
forward from the hips resting elbows on the anter¬ 
ior thighs. Support feet on chair or stool. Do not 
tilt pelvis when bending forward. Center the film 
to the sac ro-iliac Joints (about two inches poster¬ 
ior to the greater trochanters). 

Central Ray: Directed vertically to the mid point of 
the film. Unless breathing is labored, it is not 
necessary to stop breathing for exposure. 



Sacrum Antero-Pdsterlor 
Film Size; 10 x 12 (Lengthwise) 

Position of Part: Place the patient on the table ln a 
supine position with the legs extended. Align mid¬ 
line of patient's body to the midline of the table. 
Sandbags may be placed under the knees for com¬ 
fort. Center the film to the central ray. 

Central Ray: Directed at an angle of 15 degrees to¬ 
ward the head at the level of a point midway be¬ 
tween the symphysis pubis and a transverse 
plane passing through the anterior iliac spines. 
(The degree of angulation may be increased if the 
patient has more than a moderate lumbar lordo¬ 
sis. ) 
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Sacrum Lateral 


Film Size: 10 x 12 (Lengthwise) 

Position of Part: Place the patient on the table in a 
lateral recumbent position with the mid-axillary 
line of the booty aligned to the centerline of the 
table. A loofa sponge may be placed under the 
flank of the patient to prevent undue sag of the 
spine. The knees may be flexed moderately for 
comfort. Center the film to the level of the an¬ 
te ro-superior iliac spines. 

Central Ray: Directed vertically to the midpoint of 
the film. Unless breathing is labored, respira¬ 
tion need not be suspended during the exposure. 



Coccyx Antero-Posterior 

Film Size: 8 x 10 or 10 x 12 (Lengthwise) 

Position of Part: (The patient should be requested 
to empty his urinary bladder before the examin¬ 
ation.) Place the patient upon the table in a su¬ 
pine position with the midline of the body aligned 
to the center line of the table, legs extended. 
Make certain that the pelvis is in a true A-P 
position. Center the film holder to the level of 
the soft tissue depression just above the greater 
trochanters. 

Central Ray: Directed to the film center at an angle 
of 10 degrees toward the feet. Unless breathing 
is labored do not stop breathing for exposure. 



Coccyx Lateral 

Film Size: 8 x 10 or 10 x 12 (Lengthwise) 

Position of Part: Place the patient on the table in a 
lateral recumbent position with the knees and 
hips sharply flexed. Align the coccyx to the 
center line of the table. Center the film to the 
coccyx. 

Central Ray: Directed vertically to the film center. 
Unless breathing is labored do not stop breath¬ 
ing for exposure. 
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Posterior Riba Antero-Posterlor 



Film Size; 14 x 17 (Lengthwise for upper posterior 
ribs, crosswise for lower posterior ribs.) 

Position of Part : The patient should be lying in a 
supine position with arms above head for upper 
ribs or folded over upper chest for lower ribs. 
Center film holder to area in question (upper or 
lower ribs). 

Central Ray: Directed vertically to the midpoint of 
film. (If injury is in extreme upper ribs, may 
be directed to fcbove center of film.) Breathing 
should be stopped on extreme inhalation for 
upper ribs exposure and full exhalation for 
lower ribs. 



Upper Anterior Ribs Postero-Anterlor 
Film Size: 14 x 17 (Lengthwise) 

Position of Patient: The patient should be standing 
before an upright cassette holder, hands on hips, 
head not turned and chin extended. Palms of 
hands should be out. Center film holder so that 
the upper border of cassette is about two inches 
above shoulders. 

Central Ray: Directed horizontally to film center. 
Patient should be instructed to inhale as deeply 
as possible and hold it for exposure. 



Chest Postero-Anterior 
Film Size: 14 x 17 (Lengthwise) 

Position of Part : The patient should be standing fac¬ 
ing an upright cassette holder. Adjust the mid¬ 
line of the body to the centerline of the cassette 
holder. Patient should rotate shoulders forward, 
flex elbows and place the backs of hands on hips. 
Avoid placing hands too high where they might ob¬ 
literate the costophrenic angles. The cassette 
shouldbe positioned with the top border about 
1 1/2-2 inches above the shoulders. Avoid eleva¬ 
tion of one shoulder and any rotation of body. Pa¬ 
tient should stand with weight equally distributed 
on both feet. 

Central Ray: Directed horizontally to the level of the 
4th thoracic vertebra for the lungs or the 6th 
thoracic vertebra for the heart. (A compromise 
centering point would be T-5). Stop breathing 
upon deep inhalation for exposure. 
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Chest Lateral 


j Film Size; 14 x 17 (Lengthwise) 

F Position oi Part: The patient should be placed in a 
lateral, erect position before an upright cas¬ 
sette holder. Elevate both arms and rest fore¬ 
arms on top of head. Align the mid-axillary line 
to the center line of the cassette holder. Make 
certain patient stands erect, not leaning for¬ 
ward or backward. Position cassette to about 
1 1/2 to 2 inches above the shoulders. 

Central Ray: Directed horizontally to the level of 
T-4 for lungs or T-6 for heart. Stop breath¬ 
ing on deep inhalation. 



Chest Antero-Oblique 

Film Size: 14 x 17 (Lengthwise) 

Position of Part: Place the patient in an erect, 
standing position before an upright cassette 
holder. Turn patient to a 35-55 degree oblique 
(the degree will depend upon the particular 
structures to be demonstrated), ff the left side 
is to be nearest the cassette, raise the right arm 
and rest it upon the cassette holder or lift over 
patient's head. Flex the left elbow and place 
palm of hand on the lateral surface of the left 
hip. Make certain the patient stands erect at all 
times. Adjust thorax to the center of the film 
holder. Position the cassette with the top bor¬ 
der about 11/2 - 2 inches above the shoulders. 
Central Ray: Directed horizontally to the level of 
T-5. Stop breathing upon deep inhalation for 
exposure. (Reverse the position of the patient 
for a right anterior oblique.) 



Chest Postero-Obllque 
Film Size: 14 x 17 (Lengthwise) 

Position of Part ; Place the patient in an erect, 
standing position before an upright cassette 
holder facing away from the cassette. Turn the 
patient to a 35-55 degree oblique (degree will 
depend upon structure desired). Patient is then 
Instructed to flex both elbows and place backs 
of hands on lateral surface of hips. Cassette is 
positioned with the top border about 1 1/2 - 2 
inches above the shoulders. 

Central Ray: Directed horizontally to the level of 
T-5 Stop breathing upon deep inhalation. 
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Chest Lateral Decubitus Position (P-A projection) 
Film Size: 14 x 17 (Lengthwise) 

Position of Part: The patient should be placed in a 
lateral recumbent position, lying on either the 
affected or unaffected side (whichever is re¬ 
quested by the requesting physician) on the table. 
Extend the arms well over the patient's head. 

The entire body should be elevated from the 
table surface by hard pillows or a suitable plat¬ 
form. Stand the film in a vertical position in 
front of the patient's chest in the same position 
as for a P-A chest. Adjust patient's boc(y into a 
true lateral position. Use a restraining band 
over hips, if necessaxy for support. 

Central Ray Directed horizontally to the 5th thor¬ 
acic vertebra. Stop breathing on deep Inhalation 
during the exposure. (The ray direction may be 
in an A-P manner if desired. The film is posi¬ 
tioned behind the patient instead of in front. 



Chest Ventral (or Dorsal) Decubitus (Lateral 
Projection) 

Film Size: 14 x 17 (Lengthwise) 

Position of Part; Place the patient in a supine 
(prone) position on the table. Elevate the body 
about 3 inches from table top on pillows. Ex¬ 
tend the arms above patient's head. Stand the 
film in a vertical position alongside patient as 
for a lateral view. 

Central Ray; Directed horizontally to the mid-axil¬ 
lary line at the level of the 5th thoracic vertebra. 
Stop breathing upon deep inhalation during the 
exposure. 
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Chest Semi-Axial View (Lordotic Position) 

Film Size: 14 x 17 (Lengthwise) 

Position of Part: Place the patient in a P-A posi¬ 
tion before an upright cassette holder. Center 
the midline of the booty to the midline of the 
cassette holder. Position the film to about 1 
inch above the shoulder. Instruct patient to 
lean backward from the waist about 45 degrees. 
Patient may grasp cassette holder for support. 
Make certain there is no rotation or lateral 
bending. 

Central Ray: Directed horizontally to the 4th thor¬ 
acic vertebra. Stop breathing upon deep inhala¬ 
tion during the exposure. 



Chest Semi-Axial View (Apices) 

Film Size: 14 x 17 (Lengthwise) 

Position of Part: Place the patient in an A-P posi¬ 
tion before an upright cassette holder, about 1 
foot from the holder. Position the film to about 
1 inch above the shoulders. Instruct patient to 
flex elbows, place hands on hips, palms out and 
lean backward until the shoulders touch the cas¬ 
sette holder. Adjust shoulders to the same plane. 
There should not be any lateral bending. 

Central Ray: Directed horizontally to the level of 
mid-sternum. Stop breathing upon deep Inhala¬ 
tion during the exposure. 
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SKULL - ANTEROPOSTERIOR 


R.—Radiographic Bata lino 



The patient is postured in the supine position with the chin depressed 
so that the radiographic base line "R" is at right angles to the table top. 

The median plane of the skull "MP" is perpendicular to the cassette 
coinciding with the center line. 

The mid point of the Interorbital line is located over the center of the 
film. 

The central ray "CR" is projected in the median plane perpendicular 
to the cassette passing through the midpoint of the interorbital line to the 
center of the film. 

If the patient is unable to assume the above posture, then the central 
ray must be angled toward the feet paralleling the base line. 

The patient should be properly immobilized and cautioned to stop 
breathing during the exposure. 
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SKULL - FRONTAL VIEW 
POSTERO-ANTERIOR 


R—Radiographic Rom Lin*. Extends 
from external acouftk meatus to 



The head of the patient is arranged In the postero-anterior, nose fore¬ 
head position with the mid point of the Interorbital line over the center of 
the film. S the patient is placed in the prone position, the hands may rest 
beneath the chest to aid in posturing. 

The median plane of the skull "MP 1 must be perpendicular to the film, 
coinciding with the center line of the cassette. 

The head is manipulated so that the radiographic base line "R" is at 
right angles with the plane of the film. 

The central /ay protection "CR" assumes an angle of 10° toward the 
feet in respect to the plane of the radiographic base lines. The central ray 
is projected in the median plane to the center of the film. 

The patient should be properly immobilized and cautioned to stop 
breathing during the exposure. 

Proper Double Diaphragm cone should be employed for full coverage 
of the skull field. 

A similar alignment of the skull may be used to show the P. A. frontal 
view where the "CR" is projected perpendicularly to the same film center. 
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SKULL - FRONTAL PARIETAL 
OCCIPETO-FRONTAL VIEW 


R—Radiographic Rasa Um 
CR—C ontrol Ray Protection 



The head of the patient is arranged in the nose forehead alignment with 
the radiographic base line "R" perpendicular to the cassette having the glab¬ 
ella "G" located over the center of the film. 

The median plane of the skull "MP" is perpendicular to the film coincid¬ 
ing with the center line. 

The central ray "CR" is projected in the median plane perpendicular to 
the cassette entering the skull approximately 2" below the external 
occipital protuberance "I" 

The tube focal spot may be located perpendicularly over the point 
2" below the inion "I" and a slight angle toward the head assumed to 
allow the central ray to project to the center of the film "G" when a 
#12 double diaphragm cone is used for proper localization. 

Immobilize the skull and direct the patient to stop breathing dur¬ 
ing exposure. 
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SKULL - OCCIPITAL PARIETAL 
FRONTO-OCCEPrTAL VIEW 
Temporomandibular Articulation 
Antero-Posterior 




The patient may be arranged In the supine posture or in the upright 
position in respect to a vertical bucky for this fronto-occlpital align¬ 
ment. 

The chin is depressed so that a plane through the radiographic base 
lines "R" may be perpendicular to the cassette. Otherwise an increased 
angulation toward the feet must be assumed. 

The tips of the mastoid processes "P" are located over the lateral 
center line of the film. 

The median plane of the skull "MP" is arranged perpendicular to the 
cassette coinciding with center line. 

The central ray "CR" is projected in the median plane at an angle of 
30° toward the feet, entering the upper forehead region and bisecting a line 
passing through the external acoustic meatuses to the center of the film. 

Properly immobilize the skull and direct the patient to stop breathing. 
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SKULL - OCCIPITAL VIEW 
ANTERO-POSTERIOR 


R —Radiographic Bom Um. 
CR—Control Ray Brojoction. 



I—Cxtamal Occipital 



The patient should be postured In the supine for this fronto- 
occipital alignment, having the chin depressed so that the radiographic 
base line (R) may be perpendicular to cassette. Otherwise, an in¬ 
creased angulation toward the feet must be assumed. 

The skull median plane (M. P.) is arranged perpendicular to cas¬ 
sette and is'shown passing through the center line of film. The central 
ray (C.R.) which is in the median plane assumes an angle of 35° to¬ 
ward the feet entering the upper forehead and passing through the 
external occipital protuberance (I) which is located over the center of 
cassette or field to be exposed. 

A similar alignment of head may be employed to show erosion of 
petrous bone excepting that angulation of tube is reduced to 27° or 30° 
and the foramen magnum located over center of film. 
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MAXILLARY SINUS 



The head of the patient is arranged in the nose-chin position 
with the chin resting on the cassette, tunnel or table top. Tilt the 
head so that the radiographic base line makes an angle of 35° to 
37° with the plane of film. The head must be immobilized and 
properly centered with its median plane perpendicular to the film. 

Central radiation enters the vertex of head and projects per¬ 
pendicularly to the film through the root of nose, which is placed 
over the center of film or field to be exposed, hi this position the 
petrous portion of the temporal bones are projected below the 
field of the maxillary sinus. 
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SINUSES 


LATERAL 

R — Radiographic Base Line 
M.P.—Median Plane 

C.R.— Central Ray 

Projections #1 & #2 



The patient is placed in the prone position on the table with the 
head turned to a true lateral posture facing the operator. The 
median plane "M. P."of the head is arranged parallel to the film so 
that the inter-orbital Hue may represent a perpendicular. 

Nasal Sinuses - The outer canthus of the eye, point No. 1, is 
located over the center of the film. The central ray, C.R. No. 1, 
is projected perpendicularly to this center. 

Sphenoid Sinuses - Point No. 2, which is one inch front of the 
external acoustic meatus and one inch above the radiographic base 
line "R", is located over the center of the film. The central ray, 
C.R. No. 2, is directed perpendicularly to this center. 

The lateral skull posture assumes a similar alignment to the 
lateral sphenoid but employs a full 12' diameter field. 
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MAXILLARY SINUS 


OHM MOUTH POSTUM 



The head is arranged in the Postero-Anterior position with open 
mouth in contact with the cassette and the maxillary sinuses located 
over the center of field to be exposed. 

The mouth should be opened as wide as possible so that the angle 
made by the extension of the radiographic line "R", and the plane of 
the film approximates 46°. 

The median plane "MP" of skull should be perpendicular to the 
film coinciding with center line of film. 

The central ray "CR" is projected in the median plane at an 
angle of 17° toward the feet, entering the vertex of the skull and 
passing through the root of nose "X" to center of the field being 
exposed. 

Direct patient to hold breath. 

This position should show besides*the maxillary sinuses, the 
floors of the antra - also a portion of the sphenoid in the field of 
the open mouth. 
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POSTERIOR ETHMOID SINUS 
POSTERO-ANTERIOR 



The patient's head is positioned in the postero-anterior, nose 
forehead, alignment with the glabella "G" over the center of the 
field to be exposed. S the patient Is placed in the prone posture on 
a radiographic table, the hands may rest beneath the chest. 

The median plane "M. P." of the skull should be perpendicular 
to the film, coinciding with the center line. The head should be 
manipulated to allow the radiographic base line "R" to be at right 
angles with the cassette. The central ray "C.R." is projected in 
the median plane perpendicular to the center of the film through 
the glabella. Head should be immobilized and patient instructed 
to stop breathing during exposure. Localize with proper double 
diaphragm cone. 
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SPHENOID 

POSTERIOR ETHMOID 
SUPERO-INF ERIOR 



The patient is placed In the prone position with the neck fully 
extended, allowing the chin to rest on cassette or table. 

The median plane "M. P." is aligned perpendicular to the film 
coinciding with the center line. 

The central ray "C.R." is projected along the median plane 
"M. P." entering the vertex of the skull and passing through the 
sphenoid region to the center of the film. 

The central ray is projected toward the feet with a tube tilt 
generally ranging between an angle of 30° to 40° depending upon 
the adaptability of the patient. 

hi the lateral aspect, the central ray passes one inch in front 
of the external acoustic meatus intersecting the plane of the radio- 
graphic base line "R" at an angle of 95°. Employ proper double 
diaphragm cone, either No. 5 or No. 7. 
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SPHENOID 

POSTERIOR ETHMOID 
INFERO-SUPERIOR 


R—Radiographic Rata Lino 



The patient is placed in the supine position with pillows or sand 
bags to raise the shoulders and hips considerably above the table. 

The neck is extended allowing the vertex of skull to contact the bucky 
table or cassette. 

The head is aligned so that its median plane is perpendicular to 
the cassette and the radiographic base line "R" is arranged as nearly 
parallel to the cassette as possible. 

The central ray "CR" is projected in the median plane through the 
vertex of the skull with an angle toward the head which will project the 
mandible beyond the active radiographic Held. In the lateral aspect, 
the central ray "CR" will project through the plane of the radiographic 
base line "R" at a point one inch in front of the external acoustic mea¬ 
tus making an approximate angle of 95° with "R". 
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SPHENOID SINUS 
OPEN MOUTH PROJECTION 


Postwo - Anterior 




The head is arranged in the posteroanterior position with the open 
mouth in contact over the center of cassette. 

hi some cases, a cork may be inserted between the jaws to obtain 
proper position. 

The head is manipulated so that the plane passing through the radio- 
graphic line "R" makes an angle of approximately 45° with the plane of 
the film. 

The median plane of the skull "MP" should be perpendicular to the 
film, coinciding with the center line. 

The central ray "CR" is projected in the median plane at an angle of 
25° toward the feet, entering the vertex of the skull and passing through 
the center of the open mouth which is located over the cassette or field to 
be exposed. 

Patient should hold breath during exposure. 

Proper Double Diaphragm cone should be employed for maximum 
contrast, definition and brilliance. 

This position is always expedient when the patient is unable to main¬ 
tain the Infero-Superior Sphenoid posture. 
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NASAL BONES 


SUPERO-INFERIOR LATERAL 



The diagnostic material 
obtained from this view will 
depend upon the contour or 
profile of the face. The patient 
may be arranged in the supine 
posture as indicated or seated 
in the erect position. 

The median plane of the 
skull Is arranged perpendicu¬ 
lar to the table top. 

The head Is manipulated 
so that a line drawn in the 
median plane passing through 
the glabella and the gum mar¬ 
gin of the upper central Inci¬ 
sors Is parallel to the table 
top. 

The central ray "CR" is 
projected in the median plane 
parallel to the table top along 
the line passing through the 
glabella and the gum margin 
of the upper central incisors. 

Properly immobilize the 
head and employ smallest 
double diaphragm cone. 
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The patient may be seated in 
the erect position or arranged In 
the prone posture on the table. 

The head Is turned to a true later¬ 
al posture facing the operator. 

The median plane of the head 
Is arranged parallel to the table so 
that the interorbital line may repre¬ 
sent a perpendicular. 

An occlusal film is placed in con¬ 
tact with the side of the nose and sup¬ 
ported with small sand bags. The 
lower edge of the film is held between 
the patient's thumb and forefinger as 
indicated. 

The film should be located as 
far above the orbit as possible and 
parallel to the median plane. 

The central ray "CR" is pro¬ 
jected through the distal end of the 
nasal bone perpendicular to the oc¬ 
clusal film. 

Properly immobilize the head 
and employ smallest double dia¬ 
phragm cone. 
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MANDIBLE 

BODY 


CR- Central Ray 
PROJECTION 
LATERAL 



The patient Is placed in the lateral recumbent position with the body 
of the mandible resting on an inclined plane. 

An adjustable angle block set at a 17° angle may be employed. 

A comparative exposure for each side of the jaw is routine procedure. 

The chin of the patient is extended and the head is thrown back to 
minimize the over-shadowing effect of the cervical spine. 

The region of the lower first molar nearest to the film should be 
located over the center of the radiographic field. 

The lower edge of the body of the mandible proximal to the film 
should be approximately parallel to the upper edge of the cassette. 

The central ray "C.R." is projected at an angle of 10° toward the 
head passing through the region of the lower first molar nearest to the 
film. 

In certain cases, an extra tube angle of 10° toward the symphysis is 
desirable. The resultant central ray due to the double angle is projected 
to the center of the radiographic field. 

Use the proper Double Diaphragm cone for localization. 

The patient is directed to stop breathing during the exposure. 
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MANDIBLE 
RAMUS AND ANGLE 


CR—Central Ray 
Projection 
MR—Median Plane 

LATERAL 




The patient is placed In the lateral recumbent position with the head 
of the patient resting laterally on an inclined plane. 

Both sides of the Jaw should be exposed for comparison. The chin of 
the patient is extended by manipulating the head so as to eliminate the 
superimposition of the image of the jaw over the cervical spine. 

The region of the lower second molar nearest to the film should be 
located over the center of the radiographic field. 

The median plane of the skull "M, P." should be arranged parallel with 
the cassette and the Inter-orbital line at right angles with the film. 

The central ray "C.R." is projected at an angle of 10° toward the head 
passing through the lower second molar region proximal to the film, hi 
certain cases, it will be desirable to assume an extra angle of 10° toward 
the neck with the "C.R" still projecting to the same lower molar region. 

Patient is directed to stop breathing during exposure. 
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MANDIBLE 
POST ERO-ANTERIOR 


CR—Central Ray Projection 


MP—Median Plane 


ae 

u 

a! 


R—Radiographic Base Line 
Extends from external 
acoustic meatus to the 
outer canthus of the eye. 



The patient may be arranged either in the erect or in the prone 
position on the table. 

The head of the patient is postured in the postero-anterior, nose 
forehead position, with the line of contact between the lips located over 
the lateral center line of the film. 

The median plane of the skull "M. P. " must be perpendicular to 
the film coinciding with the longitudinal center line of the cassette. 

Manipulate the head so as to allow the radiographic base line "R" 
to be at right angles with the plane of the film. 

The central ray "C.R. " is projected in the median plane, perpen¬ 
dicular to the film, entering the nape of the neck and passing through 
the line of contact between the lips to the center of the film. 

The skull should be properly immobilized and the patient instructed 
to stop breathing during the exposure. 

Employ proper localized Double Diaphragm cone field coverage. 
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TEMPORO MANDIBULAR JOINTS 



Both temporo mandibular joints should be radiographed for com¬ 
parison, preferably in 2 positions, i.e. with the mouth widely opened 
employing a 2 1/2 inch cork, and secondly, with the teeth occluded. 

The patient is prone with the head in a true lateral position where 
the median plane "M. P." is parallel to the table top and the external 
auditory meatus "E. A.M." is centered over the midline of the table 
top and centered with the cassette in the Bucky Diaphragm. The arm 
of the side to be radiographed is placed along the side of the body; the 
hand of the opposite side is clenched and placed under the chin to act 
as a support. An alternative to this is the use of a small sand bag. 

The central ray "C.R." is projected 20 degrees caudally (towards 
the feet) centering on the external auditory meatus of the side to be radio¬ 
graphed . 
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SKULL - CRANIAL BASE AND 
TEMPORO-MANDIBULAR ARTICULATION 


— LATERAL— 

R—Radiographic Bate Lint 
CR—Central Ray Projection 
MP—Median Plane 
M—External acoustic meatus 



The patient may be arranged in the erect or recumbent position. 

The skull is postured in the true lateral alignment with the median 
plane "MP" parallel to the film. 

The external acoustic meatus "M" proximal to the film is located 
over the center of the cassette. 

The skull is adjusted to allow the radiographic line "R" to be as 
nearly parallel to the top edge of the film as possible. 

The central ray "CR" is projected towards the feet at an angle of 
27° to 30° above the horizontal. The central ray passes through the 
opposite parietal region to the center of the film "M". 


Full field coverage is necessary for the cranial base view whereas 
a 5" diameter localized field is proper for the temporo-mandibular 
articulation. 

Two films are exposed of the joint for comparison, one with mouth 
closed and a second with the mouth opened. 
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STYLOID PROCESS 
ANTERO-POSTERIOR 


CR—Control Ray Protection 
MR—Median Plane 
P—Tip of mastoid process 
X—Root of nose 
M E xternal acoustic meatus 
O—Inferior margin of the orbit 



The patient is postured in the supine position and the skull is 
arranged in the antero-posterior so that the median plane "MP" is 
perpendicular to the cassette coinciding with the center line of the 
film. 


The tips of the mastoid processes "P" are located over the 
lateral center line. 

A 2-1/2" cork is inserted between the open Jaws to obtain proper 
projection. 

The plane passing through the root of the nose "X" and the ex¬ 
ternal acoustic meatuses "M" is perpendicular to the cassette. 

The central ray "CR" is projected in the median plane "MP" 
along the line of Intersection with the plane passing through the 
inferior margins of the orbits "O" and the external acoustic 
meatuses "M" to the center of the f ilm . 


The central ray makes an approximate angle of 15° with the per¬ 
pendicular plane passing through "X" and "M. " 


Immobilize the skull and direct the patient to stop breathing 
during exposure. 
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STYLOID PROCESS 
LATERAL 


c». 


CR—Central ray 
projection 

MR—Median 
plane 

M—External 

acoustic meatus 




The patient is arranged in the prone position with the front shoulder 
(shoulder on side to which patient's face is turned) raised and propped. 

The head is aligned in a true lateral posture where the median plane 
"MP" is parallel to the film and the interorbital line is at right angle to 
the cassette. 

The external acoustic meatus "M" proximal to the film is located 
over the center of the cassette. A 5" diameter localized field is suggested. 

A 2-1/2" cork is inserted between the open jaws to obtain proper pro¬ 
jection. 

The central ray "CR" assumes a double angle of 10° toward the head 
and 10° toward the face entering the skull slightly posterior to the external 
acoustic meatus nearest the tube and passing through the meatus proximal 
to the film to the center of the cassette. 

This projection shows the styloid process in the region of the mandibu¬ 
lar notch. 

Immobilize the skull and direct the patient to stop breathing during 
exposure. 
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MASTOID 


LAW POSITION 



Both mastoid fields should be radiographed for comparison. 

The patient is arranged in the prone position with front shoulder 
raised and propped —or on his side—depending upon whether cassette 
rests on top of the table or is placed on a raised platform. 

The head is aligned in a true lateral position with the median plane 
MP parallel to the film. The external acoustic meatus nearest to the 
film is located at the center of a 5" diameter localized field and the 
auricle of the ear folded forward. 

The tube is manipulated to assume a double angle of 15° toward 
the feet and 15° toward the face. 

The central ray CR enters the skull at a point two inches above 
and two inches behind the external auditory meatus nearest the tube 
projecting to center of localized field. 

For Bucky diaphragm procedure, where an angle in the direction 
of the grid strips, only, is to be employed, the second angulas relation 
may be obtained by rotating the head to allow the face to be inclining down¬ 
ward so that the skull median plane assumes an angle of 15° with the 
cassette surface. 
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MASTOID-PETROUS BONE 
SCHULLER POSITION 


C. R. Central Roy 
Projection. 

M. P. Median Plane. 



Both mastoid fields should be radiographed for comparison. The 
patient is arranged in the prone position with front shoulder raised and 
propped or on his side—depending upon whether the cassette rests on 
top of table or is placed on a raised platform. 

The head is aligned in a true lateral position where the median plane 
"MP" is parallel to the film and the inter-orbital line is at right angles 
with the cassette. 

The external acoustic meatus proximal to the film is located at the 
center of a 5" diameter localized field. The auricle of this ear is folded 
forward. 

The tube is manipulated so that the central ray "CR" is projected at 
an angle of 30° toward the feet. 

The central ray enters the skull above the ear nearest the tube at 
the parietal region and passes through the external acoustic meatus prox¬ 
imal to the film. 
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MASTOID 

ANTERO-POSTERIOR 



The patient should be arranged in the supine position with chin well 
down on chest. The head is then rotated away from the affected side 
through an angle of 30° which allows the median plane "MP" of the head 
to assume an angle of 60° with plane of cassette. 

The central ray is projected at any angle of 15° to 20° toward the feet 
passing through the external acoustic meatus "M" remote from the film. 
The tip of the mastoid being x-rayed should be over the center of the local - 
ized 5-inch diameter field. 

Both mastoid fields may be taken on the same film for comparison 
with proper blocking. 

The head may be raised and cassette placed on a 15 degree or 20 de¬ 
gree angle board for greater convenience, whereupon the central ray is 
projected through "M" perpendicularly to table top. 
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TEMPORAL BONES-PETROUS 
ANTERO-POSTERIOR OBLIQUE 


R — Radiographic Baseline. 
CR — Central Ray Projection. 
MR — Median Plane. 




The patient should be arranged in the supine position with the chin 
slightly depressed. 

The head is rotated away from the affected side through an angle 
of 45° which allows the median plane of the head "MP" to assume an 
angle of 45° with the plane of the cassette. 

With the affected side toward the tube, the mid point of the upper 
radiographic line of the head "R" is arranged to be over the center line 
of the cassette. 

The central ray "CR" is projected in a plane perpendicular to the 
film at an angle of 15° to 17° toward the feet passing through the mid¬ 
point of the upper radiographic line to the center of the film. 

Proper immobilization is necessary and the patient must stop 
breathing during exposure. Localize with proper Double Diaphragm 
cone. 
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PETROUS BONE 
POSTERO-ANTERIOR OBLIQUE 


STRIIVIftS PROJECTION 

CR-Cantral ray proiactiovw 
R-Radiographic Bata Una* 
Rxtandt from axtarnal 



This posture is most readily obtained by placing the head of patient 
in the nose-forehead alignment, then rotating head toward the affected 
side, until side of nose, forehead and malar bone rest on cassette or 
Bucky top and the median plane "MP" of skull takes an angle of 45° with 
cassette. 

The chin is pulled in so that the plane passing through the uppermost 
radiographic line "R" and perpendicular to the table top will also be per¬ 
pendicular to edge of cassette. 

The central ray "CR" assumes an angle of 12° toward the head, enter¬ 
ing the skull slightly to one side of the inion "I”, passing through the laby¬ 
rinth and emerging at the center of the squamous portion of the temporal 
bone "S". 


The central ray lies in the plane passing through point of entrance, 
tip of mastoid of unaffected side and the nasion "N". 

Both sides are radiographed for comparison. Also, a projected cone 
field coverage of 5" to 7" diameter is employed. 
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SKULL - PETROUS BONE 
MAYER POSITION ANTERO-POSTERIOR OBLIQUE 


CR — Central Ray ProfacHan 
MP-Median Plana 
TP — Transvana Plana 



The patient is arranged in the supine position with the head rotated 
toward the affected side so that the median plane "MP" assumes an angle 
of 45° to the table top. 

The head rests on a cassette which has been raised at the edge by a 
sand bag or an angle block to a height representing an approximate angle 
of 23° between the cassette and table top. 

The mastoid tip of the affected side is located over the center of the 
film and the auricle folded forward. 

The tube is angled so that the central ray "CR" is projected at 45° 
toward the feet and also assumes an angle of 45° in respect to the trans¬ 
verse plane of the skull "TP", which is perpendicular to the table top, 
passing through the lower border of the orbits and the external acoustic 
meatus. 

The central ray "CR" is projected in a plane perpendicular to the 
table top, passing through the frontal region nearest the tube to the mas¬ 
toid tip proximal to the film. 

Immobilize the head and have the patient stop breathing during the 
exposure. 

Employ proper double diaphragm cone to localize the field. 
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OPTIC FORAMEN 
POSTERO-ANTERIOR OBLIQUE 



Both foramina are always radiographed for comparison. A projected 
cone field coverage of 3" to 5" diameter should be employed. 

This posture is most readily obtained by placing the head of patient in 
the nose-forehead alignment, then rotating head 40° toward the optic canal 
to be exposed until nose, malar bone and chin are touching the cassette. 

The lower quadrant of orbit is located at center of field. 

This means that the skull median plane "M. P." assumes a 50° angle 
with the plane of cassette. 

The central ray "C.R." is projected at an angle of 17° toward the 
feet so that it enters the head from the opposite occipital region and 
passes through the orbit proximal to the cassette. 
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SKULL - CRANIAL BASE & ZYGOMATIC ARCHES 


INFERO-SUPERIOR 


CR—Central Ray Projection 
MP—Median Plane 
M—External acoustic 
meatus 



N—Nation; midpoint of 
naso-frontal suture. 

A—A point at the apex of 
the angle of the man¬ 
dible. (Gonion) 



Seat the patient in a low back chair in a semi-upright position with 
the chin raised to allow the vertex of the skull to contact the vertical 
bucky or tunnel. 

The skull is arranged so that the median plane "MP" is perpendicular 
to the cassette. 

The plane passing through the meatuses "M", and the nasion "N", is 
horizontal to the film. 

The central ray "CR" projects perpendicularly to the center of the 
film and represents the line of intersection between "MP" and plane pass¬ 
ing through meatuses "M" and gonions "A". 

Zygomatic arches may be outlined by reducing normal basal exposure 
or through high intensity illumination. 

Properly immobilize skull and direct patient to stop breathing. 

Full double diaphragm cone field is suggested. 


Digitized by Google 


324 


Original from 

UNIVERSITY OF MICHIGAN 




ZYGOMATIC ARCHES 
MENTO- FRONTAL 



V.Y.—VMTtCAl HAM C.R.—CMTRAL RAY C.C.—iXTRNAL CANTHUS Of IY1 


The patient is placed in a supine position with the midline structures 
of the skull and body overlying the center line of the table. The neck is 
hyperextended by placing a sandbag under the neck. A 10 x 12 cassette is 
propped behind the head 10 degrees from the vertical (see diagram) plane. 

Use cone to cover. With the target-film distance 36 inches, and the 
tube angled at approximately 60 degrees the central ray is directed at 
the level of the external canthus (outer angle) of the eye. 
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TITTERINGTON'S POSITION 


FACE—MALAR BONE-ZYGOMATIC ARCH—NOSE 
POSTERO—ANTERIOR 



In this position, the patient is arranged in the prone position with 
the skull postured on a 23° angle board in the postero-anterior nose- 
chin alignment. The chin rests on the lower margin of the cassette 
with nose just touching the cassette. The root of nose "X" is over the 
center of the cassette. 

The median plane of the skull is perpendicular to the film passing 
through the longitudinal center line of the cassette. 

The central ray "CR" is projected in the median plane at an angle 
of about 15° toward the feet. 

The central ray projection "CR" passes through the vertex of the 
head and in the lateral aspect is shown passing through the mid-point 
of the radiographic base line "R" to the film and assumes an approxi¬ 
mate angle of 100° with said base line. 

A #7 Double Diaphragm cone may be used to localize the radiation. 
Properly immobilize the part. 
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ANTERO-POSTERO VIEW OF THE CERVICAL SPINE 


(Moving Jaw View of the Entire Cervical Spine) 



The patient is placed on the table in the supine position with the 
median plane of the patient in the center of the table. The head is ex¬ 
tended so that the lower edge of the incisors is directly above the 
mastoid tips. 


A 10" x 12" cassette is placed in the bucky tray and centered to 
the third cervical vertebra (just below the tip of the mandible at the 
level of the Adams apple). Using the smallest cone possible (to cover 
film) and a 40 inch target-film distance, the center ray is directed to 
the mid-point of the film and perpendicular to it. 

Just before the exposure is made the patient is instructed to open 
and close his lower jaw in a chewing motion as rapidlv as Dossible. 
The exposure is made during this motion of the jaw. Be sure the 
patient does not move the upper part of the head during the exposure. 
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OCCIPITO-CERVICAL ARTICULATION 
ANTERIOR-POSTERIOR OBLIQUE VIEW 


U 



The patient is placed in the supine position with the base line of the 
skull at right angles to the long axis of the table. The head is rotated 
45° to the right or left (as indicated by the physician). 

An 8 x 10" cassette is placed lengthwise in the Bucky tray and 
centered to the baseline of the skull. (This corresponds to the outer 
canthus of the eye.) The central ray is projected between the orbits to 
the center of the film at an angle of 90°. 

Note : This view gives a clear demonstration of the occipito-cervlcal 
articulation as well as the odontoid process. 


328 


Digitized by Google 


Original from 

UNIVERSITY OF MICHIGAN 





DENTAL GROUPING 



The quality of dental images in routine radiographic procedure de¬ 
pends upon the proper positioning of the patient's head and the central ray 
projection angles considered as standard for the average dental case. 

Certain abnormal dental arches will require a deviation from stan¬ 
dard procedure. 

The most accurate dental image is derived when the central ray pro¬ 
jection is perpendicular to the plane bisecting the angle formed by the long 
axis of the teeth and the plane of the dental film. The chart assumes that 
the patient is seated in the upright position. 

The occlusal plane passing through the root of the nose and the exter¬ 
nal acoustic meatuses is aligned in a horizontal plane during exposures of 
the maxillary region. 

The occlusal plane passing through the line of contact of the lips and 
the external acoustic meatuses is aligned in a horizontal plane during ex¬ 
posures of the mandibular region. 

Plus angulation indicates that the central ray projection is directed 
from a point above the maxillary occlusal plane while minus sign indicates 
that the tube target is always located at a point below the mandibular occlu¬ 
sal plane. 

The general alignment of the dental films covering standard procedure 
is indicated along with horizontal angulation of the central ray which is al¬ 
ways in a vertical plane perpendicular to the center of the film pack. 

Teeth in the tapper and lower jaws are divided into four physical den¬ 
sity groups A, B, C & D. Teeth bearing similar markings receive the same 
exposure technic. 

Exposure time relation of the Dental Groups when employing exposure 
time as the variable factor at a constant ldlovoltage will be "A" equals unity 
exposure, "B" equals 1-1/4, "C" equals 1-1/2 and D " equals 2-1/4 times 
unity exposure. 

Satisfactory ldlovoltage relation for the Dental Groups when using con¬ 
stant exposure time will be A-Group—56 K. V. P., B-60 K. V. P., C-65 
K. V. P. and D-Group—72 K. V. P. 
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CHAPTER V 


SPECIAL PROCEDURES 

Special procedures are radiographic techniques utilizing contrast media and/or 
special apparatus which in many cases supplement routine radiographs. Radio- 
graphic shadows appear only because tissues of different density and thickness ab¬ 
sorb different quantities of x-rays. In many instances this differential absorption 
is too small to be demonstrated or is obscured by shadows of overlying tissues. For 
example, the stomach and intestines cannot be readily visualized unless the contents 
are replaced by air or gas which absorbs less radiation than the surrounding tissues 
or by barium or other heavy metal which then outlines the bowel due to greater ab¬ 
sorption of the x-rays. Of interest to technicians are the types of contrast media 
used in relation to different parts of the body for fluoroscopy, myelography, enceph¬ 
alography, ventriculography, and bronchography. It should be remembered that the 
forementioned examinations do not cover all special procedures in diagnostic roent¬ 
genology and that procedures outlined hereafter will vary with different radiologists 
and different activities and are only suggested procedures. 

CONTRAST ME DIAS 

Contrast media is any substance that can be used in fluoroscopy or radiography 
that will appear on the fluoroscopic screen or film as a density different from sur¬ 
rounding tissue. Different materials are used to provide sufficient contrast to vis¬ 
ualize outlines of different organs and parts of the body* In these materials absorp¬ 
tion of radiation differs from the radiation absorption of tissues and are divided into 
two main groups. 

1. Those that are more dense than tissue such as barium, iodine and other 
heavy metals. 

2. .Those that are less dense than tissue such as gas. 

The materials of the group which are more dense than tissue occur in four 
physical states and are listed by trade names (*not a trade name). 


Oils 



a. Lipiodol 

d. 

Lipiodine 

b. Iodipin 

c. Pantopaque 

e. 

Dionosil 

Liquids 

a. Sodium Iodide (15%)* 

f. 

Skiodan 

b. Diodrast 

g- 

Cholografin 

c. Hippuran 

h. 

Hypaque 

d. Neo-Iopax 

e. Keraphen 

i. 

Dionosil 
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3. Tablets 

a. Priodax 

b. Telepaque 

4. Powders 

a. Barium Sulphate* 

b. Rugar 

c. 1-X Barium Meal 

The materials of the group which are less dense than tissue and absorb less 
radiation than tissue are as follows: 

1. Mr 

a. Air or other gases. 

As examples of where the different contrast materials are used, the follow¬ 
ing list is provided. 

1. Oils 

a. Paranasal Sinuses 

b. Myelograms 

2. Liquids 

a. Pyelograms 

b. Arteriograms 

3. Tablets 
a. Cholecystograms 

4. Powders 

a. Esophagus (Barium Swallow) 

b. Gastro-inlestinal Studies 

5. Air or other Gases 

a. Pneumoarthrograms 

b. Peritoneal Cavity 

c. Pleural Cavity 


c. B rone hog ram 8 

d. Bile ducts 


c. Cholangiograms 

d. Hysterosalpingograms 


c. Large Bowel Series 


d. Ventriculograms 

e. Encephalograms 

f. Myelograms 


331 


Digitized by Google 


Original from 

UNIVERSITY OF MICHIGAN 



SINUSE5? 
Iodized Oil 


ESOPHAGUS 
Barium Sulphate 


LIVER & SPLEEN 
(Splenic Portal Venography) 
Diodrast 


■BILIARY DUrXft 
Iodized Oil 
Diodrast 

(Through fistula or 
at operation). 


GALLBLADDER 
Priodax 
T elep aque 



BLOOD VESSELS 
Diodrast 70% 


PERITONE AL CAVITY 
Air 


Q* I. TRACT 
Barium Sulphate 

SEMINAL VESICLES 
Iodized Oil 
Dio drast 


S AUV ARY DUCTS 

Iodized Oil 



SPINAL CANAL (Myelography) 
Air 

Iodized Oil (Pantopaque) 



VENTRICULOGRAM & 

ENCEPHALOGRAM 

Air 


LUNGS (Bronchoyram) 
Iodized Oil 
DionosiJ 


Diodrast 

Neo-Iopax 

Hippuran 


Excretory 

urography 


G. U. TRACT 

Diodrast 

Neo-Iopax 

Hippuran 

15% Sod. Iodide 


Retrograde 

urography 


UTERUS & TUBES (Uterosalpingography) 

Iodized Oil 
Diodrast 
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FLUOROSCOPY 


This Is a specialized procedure performed only by qualified medical officers 
and is never to be performed by a technician. 

The following precautions should be observed by those performing fluoroscopy 
and are stipulated in The National Bureau of Standards Handbook Number 60 "X-ray 
Protection" published by the U.S. Department of Commerce. 

1. The tube housing of the fluoroscopic tube should be of the diagnostic type. 

2. A cone shall limit the useful beam and should extend from the table housing 
to a position as near the panel (table top) as possible. Its walls should provide the 
same degree of protection as the tube housing. 

3. Two and one-half millimeters aluminum filtration should always be present. 
In the case of oil immersed tubes there is usually inherent filtration of 1/2 milli¬ 
meter of aluminum so that with these tubes the additional 2 millimeters aluminum 
filter will suffice. 

4. The target to table distance should be greater than 18 inches and shall not 
be less than 12 inches. 

5. Use moderate current. 3-5 M.A. will answer general fluoroscopic needs at 
about 75 KVP. An increase to 85 KVP will give sufficient penetration for most stout 
people without increase in M.A. 

6. Bear in mind the total exposure limits for the patient. Fluoroscopy should 
be accomplished within 3-4 minutes cumulative time. S your unit does not have an 
automatic timer and cut off circuit, then a regular timer may be used to determine 
the exposure limits. 

Repeat examinations requiring extensive fluoroscopy are rarely indicated. 

7. The fluoroscopic screen shall be covered with transparent protective mater¬ 
ial having a lead equivalent of at least 2.5 mm. for 100 KV, or 2.8 mm. for 130 Kt 
This material is often a special lead glass which shall be replaced immediately if 
cracked or broken. 

8. For routine fluoroscopy, the dose rate measured at the panel or table top 
shall be less than lOr/min. 

9. An apron of 1/4 mm. lead equivalent hanging between the patient and the 
fluoroscopist in horizontal fluoroscopy is recommended but shall not substitute for 
the wearing of a protective apron. 

10. Obtain a high degree of dark adaptation before attempting work for not only 
will one fail to see well but be tempted to call for higher x-ray factors. It is usually 
recommended that dark goggles be worn for 20-30 minutes, or spend the same per¬ 
iod of time in a totally darkened, or properly red-lit room, for good visualization of 
detail. Both green and red goggles are available for this purpose, but red appears 
preferable since it leaves the eyes better sensitized to the greenish light of the 
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fluoroscopic screen. The goggles now used for the accommodation of the eyes to 
night flying are excellent. When outside light is brilliant, preliminary use of ordi¬ 
nary sun-glasses is sometimes helpful. Vitamin A deficiency is to be remembered 
as a possible factor if dark adaptation is poor and a person has poor night vision. 

11. Keep a “light foot" on the switch . Exposure should be Intermittent utilizing 
flashes of from 4-8 seconds followed by equally long or longer "off' periods. 

12. Keep the shutters confined to the area of investigation . The greatest part of 
one's work will be benefitted by reducing the x-ray field to the smallest possible size. 
This not only improves definition but also cuts down on the exposure inflicted both 
upon the patient and the operator. A large field is needed only briefly. The useful 
beam shall be limited by a cone and an adjustable diaphragm that, when open to the 
fullest extent, leaves a margin of at least one-quarter inch of unilluminated fluoro- 
scent screen regardless of screen position during use. 

13. Use lead rubber aprons when doing fluoroscopic work . All people who are in 
the fluoroscopic room must wear lead-rubber aprons which have a lead equivalent of 
1/4 mm. The apron must extend from the neck to below the knees and wrap around 
the wearer. The operators of the equipment shall stand as far away from the fluoro¬ 
scopic screen and table as possible while carrying out their work. All those in the 
fluoroscopic room should wear their usual clothing (long sleeves and long trousers) 
to help protect their extremities from scattered radiation. 

14. Keep hands out of the direct x-ray beam . This is one of the most important 
rules and it is most apt to be disregarded in attempts to reduce fractures and dis¬ 
locations under fluoroscopic control. Needless to say this procedure should not be 
attempted except under unusual conditions and it is much better to take multiple films. 
One must always wear leaded gloves during fluoroscopy. The doctor who is recur¬ 
rently exposed to radiation, must never put his hands in the direct beam and should 
alway keep the patient between the x-ray tube and his hands. 

15. Only persons needed in the fluoroscopic room should be there during the 
x-ray exposure. 

16. Wear a Dosimetric Film Badge at all times when working in an x-ray de¬ 
partment . 

17. Have a blood count made every quarter . 

18. Maintain good ventilation in the fluoroscopic room. 

19. It is a good plan to post a list of the most important precautions in the fluoro¬ 
scopic room, a sample list is as follows: 

NOTICE 

Use of Fluoroscopic Equipment 

1. Fluoroscopic equipment is a source of great danger to all concerned unless 
safe methods and procedures, as well as, exposure factors are used. In 
addition, the machine itself may be damaged. 

2. The fluoroscopic unit shall not be used by any person other than those des¬ 
ignated by the Head of the Department of Radiology. Under no circumstan¬ 
ces is the unit to be used by anyone other than a qualified medical officer. 
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FLUOROSCOPIC APPARATUS 


1. Fluorescence - The emission of visible light by a crystal when subjected 

to an activating source. 

2. Phosphorescence - The emission of light by a crystal after the activating 

source has ceased. 

Fluoroscopy depends on the fluoroscent images produced on a screen coated 
with material similar to those used on intensifying screens. The screen, in turn, is 
covered by a leaded glass. This protects the fluoroscopist from direct radiation 
which would otherwise strike his face and also protects the screen from dirt. It 
does not, however, protect the screen from light and the screen should therefore, be 
covered with a black cloth when not in use, as light gradually causes deterioration. 
Care should be exercised to prevent the spilling of diagnostic or other materials on 
the screen assembly as some may find its way to the screen proper and damage it. 

The tubes used on fluoroscopic machines do not have an unlimited capacity. 

Thus, there is another reason aside from excessive exposure for sparing use. This 
may be particularly important in war time as in many places replacement of burned- 
out tubes will be difficult and subject to disastrous delay. 

For chest and heart work, a simple upright table will answer well but for most 
other kinds of work a tilting model, preferably one that will tilt into the Trendelen¬ 
burg position, is necessary. 

SPOT FILM 

For spot-film work during fluoroscopy, the fluoroscope is provided with a 
"change-over" mechanism which permits the operator to change from fluoroscopy 
to radiography back to fluoroscopy with little delay. A device is provided for hold¬ 
ing a cassette (usually an 8 x 10) in a protected position, shielded by lead, until a 
spot-film is desired. Electrical circuits are provided so that when the cassette is 
brought into spot-film position, pre-selected radiographic technique factors are auto¬ 
matically obtained. The operator may then make the desired sequence of spot-films 
and return the machine to fluoroscopy immediately afterward. Many machines employ 
a photo-Umer making spot-filming a simple chore. However, on other machines a 
time and KVP must be selected for each patient by referring tc the proper technique 
chart. 


A small grid may be employed, although if the size of the >: -ray beam is kept as 
small as the organ being examined by the proper use of diaphragms, sharp detail may 
be obtained without the use of grids. 

Devices are also provided to apply compression to the patient during both fluoro¬ 
scopy and spot-filming. They are of particular value when mucosal relief studies are 
desired and are utilized by some, but not all, doctors. 
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Most spot-film apparatus provides for making one, two or four exposures on 
each film. The selection of the number of exposures is made by the operator and 
provides for up to four views in rapid sequence. 

Occasionally, one will still see a bedside fluoroscopic unit consisting of a por¬ 
table x-ray machine with a fluoroscopic bonnet. These units are considered to be too 
hazardous to the operators, patients, and surrounding personnel to be used. The in¬ 
formation obtained is usually incomplete and the examination unsatisfactory. 

MYELOGRAM 

The purpose of the myelogram is to visualize the spinal canal and to demonstrate 
defects in its contour caused by such pathological conditions as tumors, protrusions 
of the intervertebral discs (herniation of the nucleus pulposus), or thickening of the 
ligamentous structures. To obtain the necessary contrast, air may be used or iodized 
oil. The latter, in general, affords much better differentiation but many of these pro¬ 
ducts are irritating. 

Inasmuch as air rises, the portion of the spinal canal to be studied is elevated 
and as most of the lesions are in the lumbar spine, the feet will be higher than the 
head. 

Oil, being heavier than spinal fluid, settles to the lowermost portion of the spinal 
canal and, therefore, if the lumbar area is being examined the feet will be lower than 
the head. The table is tilted as desired. The patient is examined in the prone and 
oblique positions. Spot films are usually made of the entire area and always of areas 
of suspicion. If a spot film device is not available the table may be stopped in the 
proper degree of angulation and regular radiographs made. 

The technician should, beforehand, have the proper setup for the examination 
which will be specified by the physician doing the procedure. The technician should 
have the room properly darkened and the machine set up for fluoroscopy. The doctor 
will do the actual procedure of the spinal tap and Injection of the media and may re¬ 
quest the technician to help position the patient during the injection as well as assist 
in various manipulations at the time of the spinal puncture, such as carotid artery 
compression. When the patient has assumed the prone position, the technician should 
be sure that the fluoroscopic screen is locked so that it cannot injure the patient and, 
furthermore, assist in instructing the patient to rest his chin on the table whenever 
the table is tilted below the horizontal to prevent the iodized oil from going into the 
skull. The shoulder and foot rest should be applied to prevent the patient from slid¬ 
ing off the table. 
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ENCEPHALOGRAM 


An encephalogram is a radiographic examination of the brain made after replace¬ 
ment of the cerebrospinal fluid with air Introduced by a lumbar puncture. The air, 
being lighter than the cerebrospinal fluid, rises upward within the subarachnoid space 
of the spinal cord and brain and reaches the ventricles thus demonstrating the patency 
of the pathways of the subarachnoid space. This patency may be obliterated in certain 
cases of brain tumors, encephalitis, epilepsy, cerebral hemorrhage, etc. The pa¬ 
tients are sometimes under the influence of an anesthetic or narcotic and always re¬ 
quire careful attention. It Is necessary to have sufficient help available to manage 
these cases. The views to be taken depend on the preference of the roentgenologist 
and the neurosurgeon and the nature of the case, hi general, the views required are 
as follows: AP, PA, right and left laterals. Sometimes additional views are called 
for such as stereos in various positions and brow-up and brow-down as well as other 
special positions which will be directed by the attending doctors. The techniques are 
the same as for routine skull work which employ the use of a Bucky or stationary grid. 
The reason for the numerous positions is to insure that the air has an opportunity to 
reach all parts of the ventricular system and be recorded on the radiographs, other¬ 
wise failure of some part of the system to visualize might occur due, purely, to tech¬ 
nical factors and not to pathological abnormality. 


VENTRICULOGRAM 

The ventricular system is demonstrated in this examination by drilling small 
holes in the cranial vault and inserting needles directly into the ventricles. Air then 
replaces the normal cerebrospinal fluid and films are once again taken as in enceph¬ 
alography. These patients are always under the influence of an anesthetic and there¬ 
fore, require careful attention and care. The positions for the films will be deter¬ 
mined by the doctors directing the procedure and abnormalities will manifest them¬ 
selves as distortion, dilatation, displacement or encroachment upon the ventricular 
system. 
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BRONCHOGRAM 


This examination demonstrates the bronchi and bronchioles and is useful in 
cases of bronchiectasis, bronchial obstruction, and some other pulmonary conditions. 
Several techniques are utilized for the introduction of the contrast media and one is 
the supra-glottic method. The patient is placed in a chair which is tilted toward the 
side to be filled, the head being maintained in the vertical position. The back of the 
tongue is anesthetized to prevent gagging and swallowing and the contrast media is 
then dropped through a cannula over the base of the tongue into the air passages. 

The patient is directed to inhale as the media is dropped over the base of the tongue. 
As more and more media is placed, the patient is changed to a lateral recumbent 
position and eventually into a Trendelenburg position. The site of-the suspected 
pathology is ,always filled first and films taken before the opposite side is opacified. 
The second technique is the intratracheal method when a catheter is passed directly 
into the right or left mainstem bronchus following proper anesthesia of the tongue 
and throat. The catheter may or may not be placed under fluoroscopic control and 
filling of the bronchi is accomplished under fluoroscopic control. Spot films are 
often taken showing various degrees of filling of areas which frequently drain rapidly 
and do not visualize well on the follow-up films. 

One of the duties of the technician in bronchography is to have the opaque media at 
the proper temperature. It is recommended that before the patient's bronchi are filled 
that he be placed before the upright chest board and the proper height for the cassette 
determined. This is to insure rapid handling of the patient once the bronchial tree is 
opacified. Views to be taken by chest technique with the KV increased by 4-5 KV with 
Bucky are the PA, the opposite oblique (i. e., if the right lung is filled first the left 
anterior oblique view is taken), and lateral of the side which is opacified. Then after 
filling the other bronchial tree, another PA and the other oblique is taken, hi addi¬ 
tion to the duties of taking the films, a close watch should be kept upon the patient as 
they sometimes react to the medication and are unstable on their feet. 

KYMOGRAPH 

This is an apparatus for recording on film the motions of the various organs, 
particularly the heart and great vessels. It consists of a lead plate in the form of a 
grid large enough to cover a 14 x 17 inch cassette and provided with narrow trans¬ 
verse slits usually 0.4 mm. wide and 12.0 or 18.0 mm. apart. Behind the grid is a 
cassette carrier. This carrier is designed to move downward at a uniform and ad¬ 
justable speed. The x-ray exposure is made while tne patient stands before the grid 
and the cassette is in motion. As a result, the horizontal motion of the heart borders 
projected through the slits, produces wave forms on the film. 

hi practice, the speed of the film motion is such that not more than two cardiac 
cycles will be recorded. More than two will result in compression of the waves ver¬ 
tically with loss in the detail of their form. The speed is varied in accordance with 
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the pulse rate of the patient. A time recorder is attached to the top of the tomo¬ 
graph and produces a narrow band of lines, the space between each one of which 
represents one-fifth second. Detailed operation is as follows: 

The pulse is taken with the patient standing. (Otherwise it may prove too slow). 
From the pulse rate, the exposure is calculated as follows: Divide 60 by the pulse 
rate and multiply by two. This gives the time, in seconds, that should result in two 
cardiac cycles. 

Suggested exposure factors are 100 M. A., DPT plus 32, Distance 30 inches. 

The kymograph has a time adjustment and is provided with contacts similar to those 
of the Bucky so that it can time the x-ray exposure directly or through the x-ray 
timer. The kymograph timer should terminate the exposure, therefore, the x-ray 
timer should be set for a duration of time 1/2 second longer than the kymograph timer. 



KYMOGRAPH Kymograph film 

STEREOSCOPY 

This procedure, as anyone who is familiar with the old fashioned stereopticon 
will know, is designed to give accurate depth perception. Depth perception, in or¬ 
dinary vision depends on binocular vision, that is, the use of both eyes. A single 
radiograph corresponds to vision with one eye and to the ordinary photograph. 
Stereoscopic radiographs correspond to vision with both eyes and the stereoscopic 
photograph. 
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To obtain the stereo effect in radiography two films are made, the x-ray tube 
being shifted the interpupillary distance (about 2 1/2 inches) between each view, 
when the target or anode-film distance is about 25 Inches. When the tareet-fllm 
distance is greater, the tube shift will have to be increased in order to prevent undue 
distortion of the resultant stereoscopic image. The rule is, use a tube shift of l/10th 
the anode-film distance. Thus if stereoscopic films of the chest at 72 inches is used, 
the tube shift should be slightly over 7 inches. The patient remains in same position 
for both views and the second cassette should be placed in exactly the same position 
as the first. 

It should always be remembered that any error in making stereoscopic views 
will result in distortion of the resultant image as visualized in the stereoscope. 

Gross errors will result in such bizarre effects as the illusion of certain Internal 
structures being outside the body. Needless to say distortion, defeats the primary 
purpose of stereoscopy. 



STEREOSCOPES 

Several different techniques are used to view stereoscopic films. These vary 
somewhat in the physical dimensions and setup, however, all retain in common the 
use of an optical system to superimpose the image of separate films to either eye. 
The simplest to use is an ordinary prism. This is so held by hand that one eye sees 
one film while looking directly at the second film with the other eye. Many modifica¬ 
tions of this technique are used in hand instruments. 

Larger units in use are the Wheatstone and the Stanford. 

The Wheatstone is composed of two illuminators mounted facing each other on a 
supporting frame that permits the illuminators to move to and fro in such a manner 
that they are always equally distant from a central point. At this point, two plain 
mirrors are set at about a 45 degree angle with the apex toward the observer. Blind¬ 
ers are attached to each mirror so that when the observer's eyes are brought close to 
the mirrors, he will see only what is reflected from the mirrors. 
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There are numerous ways of placing the films in the stereoscope so that the 
stereo effect is obtained. There is, however, only one truly correct way. hi this, 
the view of the patient should be that which would result if one could place his eyes 
in the position of the anode of the x-ray tube and observe the patient with x-ray 
vision. 

Certain rules will, however, save time. These are (1) Superimpose the films 
with the tube side away, i.e., reversed. (2) Adjust so that the displacement of the 
images is horizontal. (3) The film whose image is nearest the right hand is placed 
in the right hand view box, the other is placed in the left hand box. 

In order to facilitate this procedure the film marker should always be face-up. 

In addition it is a good idea to place the marker on top of the Bucky table or plate 
tunnel Instead of on top of the cassette itself. The marker will register in the same 
plane as the lowermost portion of the part radiographed. An arrow to register the 
direction of the shift is also of value. 

The shift of the tube may be either transverse, horizontal or vertical. There is, 
of course, a limit to the amount the tube may be shifted across the Bucky grids with¬ 
out increasing the amount of radiation intercepted resulting in grid lines. Most grids 
will permit about a 3 inch shift across the table. The Bucky grids do not limit the tube 
shift when moving horizontally or vertically. 

A second type of stereoscope is the Stanford which is characterized by illumina¬ 
tors placed side by side. Double mirrors then reflect the Individual images to the 
eyes. For this reason, reversal of the films is not necessary and to arrange the 
films, one superimposes them tube side up and places the film whose image is near¬ 
est the right in the right hand illuminator. This time, with the tube side facing the 
mirrors. 



CONSULTATION TYPE STANFORD STEREOSCOPE 


Digitized by Google 


341 


Original from 

UNIVERSITY OF MICHIGAN 



WHEATSTONE STEREOSCOPE 


C HOLEC YSTOGRAPHY 

This examination is used to visualize the gallbladder. Tablets such as Priodax 
or Telepaque are generally used and are taken orally. Intravenous materials are 
also available and are used in special conditions. The examination provides informa¬ 
tion as to liver and gallbladder function as well as gallbladder shape, position, and 
whether or not stones are present. 

Instructions and Preparations for Patient 

1. At 6:00 P. M. eat a light meal of jelly, fruit, dry toast, coffee or tea. AVOID 
ALL FATS OR GREASY FOODS. USE NO BUTTER, CREAM OR FRIED FOODS. 

2. Immediately after the meal swallow one tablet with water every five minutes 
until all tablets have been taken. With the last tablet drink a full glass of water. 

3. You may drink ordinary amounts of water until bedtime but do not eat anything 
until after the x-ray examination the following day. 

4. Report for x-ray examination on the day and time scheduled. 

The patient is usually positioned so that in the PA projection he is lying prone on 
the table with the body shifted to the left so that the right side of the abdomen is 
placed on the midline of the table. A scout film is taken to determine if the gallbladder 
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is visualized, the technique satisfactory, and the position of the patient correct. If 
the gallbladder is overshadowed by the spine, the body is rotated slightly by drawing 
the right knee up and with the left arm down to the side. S the gallbladder is ob¬ 
scured by gas, tilting the table slightly in Trendelenburg position will sometimes be 
of aid. The following viewB, before and after a fatty meal, are suggested. 

1. PA (scout) 14 x 17 (before fatty meal). 

2. PA oblique 10 x 12 

3. PA (upright) 10 x 12 

4. PA oblique (upright) 10 x 12 

5. Lateral decubitus film with the right side down is occasionally requested. 

10 x 12. 

After fatly meal 

1. PA (prone) 10 x 12 

Note : A partially extended cylinder is recommended in all but the first view 
mentioned. 


A Hypersthenic -Overstout 
B Sthenic-Robust 
C Asthenic -Thin 


VARIATIONS IN LOCATION OF GALL BLADDER 


CHOLANGIOGRAPHY 

Cholangiography or Choledochography are the terms used to define the radiologic 
examination of the biliary tract by means of injecting contrast media directly into the 
passages or by the intravenous injection of suitable material by the doctor. Cholan¬ 
giography embraces two methods of filling the ducts directly with a contrast media. 

(1) Immediate, when the media is injected into the common duct or gallbladder dur¬ 
ing surgery in the operating room, (2) Delayed, when the media is injected through 
a T-tube into the common bile duct. This tube is placed during surgery for the pur¬ 
pose of drainage. 

Suggested procedures for delayed cholangiography are as follows: 

1. Have the necessaiy equipment on hand, e.g., a syringe (20 or 30 cc.), 
contrast media which has been warmed to body temperature, and a sheet for draping 
the patient. 
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WHEATSTONE STEREOSCOPE 


CHOLECYSTOGRAPHY 

This examination is used to visualize the gallbladder. Tablets such as Priodax 
or Telepaque are generally used and are taken orally. Intravenous materials are 
also available and are used in special conditions. The examination provides informa¬ 
tion as to liver and gallbladder function as well as gallbladder shape, position, and 
whether or not stones are present. 

Instructions and Preparations for Patient 

1. At 6:00 P. M. eat a light meal of jelly, fruit, dry toast, coffee or tea. AVOID 
ALL FATS OR GREASY FOODS. USE NO BUTTER, CREAM OR FRIED FOODS. 

2. Immediately after the meal swallow one tablet with water every five minutes 
until all tablets have been taken. With the last tablet drink a full glass of water. 

3. You may drink ordinary amounts of water until bedtime but do not eat anything 
until after the x-ray examination the following day. 

4. Report for x-ray examination on the day and time scheduled. 

The patient is usually positioned so that in the PA projection he is lying prone on 
the table with the body shifted to the left so that the right side of the abdomen is 
placed on the midline of the table. A scout film is taken to determine if the gallbladder 
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is visualized, the technique satisfactory, and the position of the patient correct. If 
the gallbladder is overshadowed by the spine, the body is rotated slightly by drawing 
the right knee up and with the left arm down to the side. S the gallbladder is ob¬ 
scured by gas, tilting the table slightly in Trendelenburg position will sometimes be 
of aid. The following views, before and after a fatty meal, are suggested. 

1. PA (scout) 14 x 17 (before fatty meal). 

2. PA oblique 10 x 12 

3. PA (upright) 10 x 12 

4. PA oblique (upright) 10 x 12 

5. Lateral decubitus film with the right side down is occasionally requested. 

10 x 12. 

After fatty meal 

1. PA (prone) 10 x 12 

Note : A partially extended cylinder is recommended in all but the first view 
mentioned. 


A Hypersthenic -Overstout 
B Sthenic-Robust 
C Asthenic -Thin 


VARIATIONS IN LOCATION OF GALL BLADDER 


CHOLANGIOGRAPHY 

Cholangiography or Choledochography are the terms used to define the radiologic 
examination of the biliary tract by means of injecting contrast media directly into the 
passages or by the intravenous injection of suitable material by the doctor. Cholan¬ 
giography embraces two methods of filling the ducts directly with a contrast media. 
(1) Immediate, when the media is injected into the common duct or gallbladder dur¬ 
ing surgery in the operating room, (2) Delayed, when the media is injected through 
a T-tube into the common bile duct. This tube is placed during surgery for the pur¬ 
pose of drainage. 

Suggested procedures for delayed cholangiography are as follows: 

1. Have the necessary equipment on hand, e.g., a syringe (20 or 30 cc.), 
contrast media which has been warmed to body temperature, and a sheet for draping 
the patient. 
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2. Have the patient prepared and placed on the x-ray table In the AP position 
with the right'side of the abdomen centered to the midline of the table. 

3. The doctor will state how many films are to be taken during the course of 
the examination. The media is then injected into the catheter. 

4. Various techniques of injection are used, one technique is giving 5 cc. and 
taking a film and repeating this until a total of 20 cc. has been administered. 

5. Occasionally oblique views are preferred. 

6. The procedure is often done under fluoroscopic control and spot films may 
be taken as filling occurs and is visualized. 

When using the intravenous method of cholangiography, the Intervals at which 
the films will be taken will be specified by the doctor as well as the positions de¬ 
sired. These may vary from one film every 10 minutes in one position, to several 
films in several positions at some other selected time interval. 

A properly exposed x-ray film will demonstrate the soft tissues to good advan¬ 
tage. In order to accentuate soft tissues a reduction of 4 or 5 KV may be helpful in 
some Instances. 

PYELOGRAPHY 

A pyelogram is an examination of the urinary tract using a contrast media. 
Intravenous or excretory urography refers to the concentration and excretion of an 
intravenous preparation. Retrograde pyelography refers to the introduction of a 
media directly into the urinary tract by means of a catheter. 

The substances used for intravenous Injection are complex iodine derivatives 
furnished in ampules containing the required amount in solution (usually 20 cc.). 

This same substance can be used for retrograde pyelography with excellent results 
as it is non-irritating. Sodium iodide may also be used for retrograde studies but 
not for intravenous visualization. It is used for direct injection into the urinary tract 
as a 15% solution. 

Preparation of the patient: This is frequently omitted, however, many doctors 
prefer that the patient have castor oil the evening before the examination to cleanse 
the gastro-inte stinal tract. Probably of more importance is to withold fluids for 8- 
10 hours prior to the examination so that the patient will be partially dehydrated and 
hence concentrate the media better. 

Tests for undue sensitivity to iodine are a routine preliminary procedure as 
occasionally patients suffer an allergic reaction by the intravenous use of these 
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iodine substances. The tests are conjunctival (droplet in an eye), intradermal skin 
test, and a small intravenous test dose. Sensitivity is demonstrated by redness of 
the eye, a large wheal, or unusual flushing or other systemic reaction. 

Examination : A scout film of the abdomen is taken before the media is injected 
to check for position and the gas content of the gastro-intestlnal tract. The media is 
injected intravenously by a medical officer and AP views are made at various inter - 
vals as ordered. A ureteral compression device is used by many doctors. The usual 
views are taken at intervals of 5, 15, 20 and 30 minutes after injection. The 30 min¬ 
ute view is taken with the patient in an upright or partially upright position with re¬ 
moval of the compression band. This is to demonstrate the drainage of the upper 
collecting system. When compression is not used and the media is to be retained in 
the kidneys, the patient should be placed in a 10 degree Trendelenburg position for 
the films with the exception of the upright film. 



PYELOGRAM 


RETROGRADE PYELOGRAPHY 

This is usually performed following cystoscopy and catheterization of the ureters. 
Views are therefore made in accordance with the instructions of the urologist and 
these are usually a series of AP projections supplemented by an occasional special 
view. Occasionally in infants, retrograde filling of the upper urinary tract is ob¬ 
tained by filling the bladder with a contrast media and reflux retrograde filling may 
then occur. 

CYSTOGRAPHY 

Either of the above mentioned preparations or air may be used as a contrast 
media of the biadder. When the bladder is the main consideration, simple injection 
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2. Have the patient prepared and placed on the x-ray table In the AP position 
with the right'side of the abdomen centered to the midline of the table. 

3. The doctor will state how many films are to be taken during the course of 
the examination. The media is then injected into the catheter. 

4. Various techniques of Injection are used, one technique is giving 5 cc. and 
taking a film and repeating this until a total of 20 cc. has been administered. 

5. Occasionally oblique views are preferred. 

6. The procedure is often done under fluoroscopic control and spot films may 
be taken as filling occurs and is visualized. 

When using the intravenous method of cholangiography, the Intervals at which 
the films will be taken will be specified by the doctor as well as the positions de¬ 
sired. These may vary from one film every 10 minutes in one position, to several 
films in several positions at some other selected time Interval. 

A properly exposed x-ray film will demonstrate the soft tissues to good advan¬ 
tage. In order to accentuate soft tissues a reduction of 4 or 5 KV may be helpful in 
some instances. 

PYELOGRAPHY 

A pyelogram is an examination of the urinary tract using a contrast media. 
Intravenous or excretory urography refers to the concentration and excretion of an 
intravenous preparation. Retrograde pyelography refers to the Introduction of a 
media directly into the urinary tract by means of a catheter. 

The substances used for intravenous injection are complex iodine derivatives 
furnished in ampules containing the required amount in solution (usually 20 cc.). 

This same substance can be used for retrograde pyelography with excellent results 
as it is non-irrltatlng. Sodium iodide may also be used for retrograde studies but 
not for intravenous visualization. It is used for direct injection into the urinary tract 
as a 15% solution. 

Preparation of the patient: This is frequently omitted, however, many doctors 
prefer that the patient have castor oil the evening before the examination to cleanse 
the gastro-intestinal tract. Probably of more Importance is to witbold fluids for 8- 
10 hours prior to the examination so that the patient will be partially dehydrated and 
hence concentrate the media better. 

Tests for undue sensitivity to iodine are a routine preliminary procedure as 
occasionally patients suffer an allergic reaction by the Intravenous use of these 
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Iodine substances. The tests are conjunctival (droplet in an eye), intradermal skin 
test, and a small intravenous test dose. Sensitivity is demonstrated by redness of 
the eye, a large wheal, or unusual flushing or other systemic reaction. 

Examination : A scout film of the abdomen is taken before the media is injected 
to check for position and the gas content of the gastro-intestinal tract. The media is 
Injected intravenously by a medical officer and AP views are made at various inter - 
vals as ordered. A ureteral compression device is used by many doctors. The usual 
views are taken at intervals of 5, 15, 20 and 30 minutes after injection. The 30 min¬ 
ute view is taken with the patient in an upright or partially upright position with re¬ 
moval of the compression band. This is to demonstrate the drainage of the upper 
collecting system. When compression is not used and the media is to be retained in 
the kidneys, the patient should be placed in a 10 degree Trendelenburg position for 
the films with the exception of the upright film. 



PYELOGRAM 


RETROGRADE PYELOGRAPHY 

This is usually performed following cystoscopy and catheterization of the ureters. 
Views are therefore made in accordance with the instructions of the urologist and 
these are usually a series of AP projections supplemented by an occasional special 
view. Occasionally in infants, retrograde filling of the upper urinary tract is ob¬ 
tained by filling the bladder with a contrast media and reflux retrograde filling may 
then occur. 

CYSTOGRAPHY 

Either of the above mentioned preparations or air may be used as a contrast 
mo Hia of the biadder. When the bladder is the main consideration, simple injection 
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of the contrast media through a catheter will suffice. Oblique and lateral projec¬ 
tions are the usual views. Centering Is over the lower abdomen and no special prob- ^ 
lems not already considered are involved as to technique. 



CYSTOGRAM 

UPPER GASTRO-INTESTINAL SERIES 

A gastro-intestinal series is a fluoroscopic and radiographic examination of the 
G. I. tract including the esophagus, stomach and small intestine. It also includes 
"spot" films at the time of fluoroscopy and a series of radiographs immediately fol¬ 
lowing. 

The preparation for a routine upper G. I. series varies greatly in different insti¬ 
tutions and the following is mentioned only as an acceptable type in frequent use. 

1. Light evening meal. 

2. No foods or liquids permitted after midnight. 

3. No breakfast, not even coffee, fruit juice or water to be swallowed in the 
a.m. (Water permitted for the purpose of rinsing mouth after brushing teeth). 

4. Report to the x-ray department promptly at 0830. 

The technician prepares the barium sulfate prior to examination, making certain 
that it is mixed well and in the recommended consistency. In G.I. work, barium 
and water in equal parts are usually used. (i.e., 3 to 4 ounces of barium to a glass 
of water). For studies of the esophagus, a mixture of 3 parts of barium to one of 
water is used. Patients are sometimes advised to take mineral oil, upon completion 
of an examination using barium, to prevent constipation. 

Examination : This consists of both fluoroscopic and radiographic procedures 
and is usually performed in the morning. At the beginning of the examination, the 
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patient is instructed to place his back against the upright table. He is then told to 
take the cup or glass in his left hand holding it up near the point of the shoulder and 
with his head turned to the left. In this position, it is less likely that the fluoro¬ 
scopic screen will hit the patient's arm and spill the barium. The roentgenologist 
will instruct the patient when to drink the barium mixture and what positions to hold 
while being fluoroscoped. 

Upon completion of fluoroscopy, the roentgenologist will mark the patient's back 
at the location of the duodenal bulb for centering purposes. The number and lypes of 
radiographs are designated by the roentgenologist. The technician, that takes the im¬ 
mediate films, should be told whether the markings on the patient's back were made 
in the upright or recumbent position. Usually, several immediate views are taken 
and depending upon the routine which is established, follow-up films at varying inter¬ 
vals are often requested. This Interval may be as short as one hour or as long as 24 
hours. When several views of the small bowel are desired, the roentgenologist will 
prescribe the time at which PA abdominal films are to be taken. 

The following views taken after fluoroscopy are mentioned as acceptable and in 
frequent use. 

1. PA - 14 x 17 (to Include all of the abdomen). 

2. AP - 14 x 17 

3. Right PA obliques - 10 x 12 (centered to mark). 

The technique for immediate views varies in different departments but a sugges¬ 
ted technique is: DPT plus 30, 100 M.A.S., 36" distance with screens and Bucky. 

ESOPHAGEAL STUDIES (Barium swallow) 

There is no preliminary preparation to this type of examination. The patient is 
scheduled on the same day as the G. I. Series, and the patient is fluoroscoped by the 
roentgenologist using barium sulfate with the consistency of heavy cream as a contrast 
media. 

The patient is fluoroscoped in the upright or horizontal position, depending upon 
the suspected lesion, and the roentgenologist positions the patient so that the esopha¬ 
gus and aorta may be demonstrated. After fluoroscopy, he will state what views 
will be necessary and barium sulfate is again used but of the consistency of paste. 

With the patient positioned, and with all factors set up to make the exposure, the 
patient is given some barium and instructed to hold it in his mouth until told to swallow, 
a lapse of 1-3 seconds should be used to allow the barium to pass along the esophagus 
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and then the exposure is made. The views most commonly taken are the PA, right 
and left anterior obliques and lateral. An addition of 5-8 K. V. P. over the routine 
chest film technique is required. 

BARIUM ENEMA: (Large intestine study). 

A barium enema is a fluoroscopic and radiographic examination of the rectum, 
colon, cecum, and terminal ileum by means of an enema containing barium sulfate 
or a contrast media. Sample instructions for the patient are as follows: 

1. Take an ounce of castor oil at 1800 the evening before the examination. 

2. Take repeated warm saline enemas the morning of the examination until the 
return flow is clear. 

3. A light breakfast is permitted, but plain tea or coffee is recommended. 

4. Report to the X-ray Department on the day and hour scheduled. 

Examination : The technician prepares the barium prior to examination, making 
certain it is mixed well and in recommended consistency. The recommended mixture 
is 8 ounces of barium to 2 quarts of water which should be at body temperature, 1.e., 
85 to 90 degrees. Acacia is sometimes added to keep barium in suspension and at 
times other additives are used by individual physicians. The colon is gradually filled 
with the barium mixture under fluoroscopic observation. The barium can should be 
suspended approximately 18-36 inches above the level of the table in order to produce 
a gentle yet persistent pressure for filling. A too rapid flow may cause spasm and be 
painful to the patient. Precise directions should be given to attendants who may be 
helping during the examination in order to prevent an inexperienced person from fil¬ 
ling the colon with barium before notifying the roentgenologist that the patient is 
ready for examination. Spot films are used during the procedure and subsequent to 
fluroscopy routine radiographic views are taken which generally consist of an AP 
view and perhaps both obliques immediately after completion of bowel filling and an¬ 
other AP film after evacuation. Other positions may be requested such as a PA or a 
stereo or a sitting view. The patient should be instructed to evacuate as much as 
possible of the barium and should be given sufficient time to accomplish this. The 
postevacuation film is taken to demonstrate the mucosal pattern. 

At times a "double contrast" examination is desired. This is accomplished by in¬ 
jecting air into the colon by a bulb insufflator, after evacuation of the barium. Many 
doctors prefer using a finely ground barium suspension filling the bowel incompletely 
and then adding air to this mixture. Usually a 14 x 17 film will cover the entire.ab¬ 
domen and show all parts of the colon. The lower edge of the cassette should be at 
the level of the pubis and the central ray perpendicular to the film. Suggested factors 
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for the AP or PA view are DPT plus 25; 150 M. A.S., 36 inch distance with screens 
and Bucky. For oblique views increase about 5 K. V. P. 


PELVIMETRY 

This is a radiographic examination performed for the purpose of comparing the 
size or volume of the fetal head with the maternal pelvis. Needless exposure to radia¬ 
tion is always to be deplored, and particularly in these cases. The hazard of needless 
exposure may be minimized by making certain that technical positioning and machine 
settings are correct before exposing the patient. Four methods will be discussed 
(1) Thom's Measurement, (2) Colcher-Sussman, (3) Snow and (4) the Ball Method. 

Thom'8 Measurement 

Inlet position; 

Using the special Thom's Board, the patient Is placed on the table at a 45 de¬ 
gree angle so that the pelvic inlet is parallel to the film. The spinous process of L4 
and the upper border of the symphysis pubis are the landmarks. The anterior and 
posterior landmark indicators of the Thom's Board should be lined up to these two 
points, and both landmarks should, of course, be the same distance above the table. 
With the body correctly postured, separate the legs and place a small sandbag under 
each knee and immobilize the ankles. The patient is then instructed to exhale and stop 
breathing and the exposure is made. After the first exposure has been accomplished, 
the patient gets off the table, but the tube head, cassette and Thom's Board remain in 
place. The perforated plate is then placed on the two landmark indicators and a "flash" 
exposure is made over the first exposure. The perforations of this plate are one cen¬ 
timeter apart and cover most of the area exposed. This results in an overall pattern 
of black dots which represent a centimeter scale that has the same degree of magnifi¬ 
cation as the pelvic inlet. It is thus possible to measure portions of the maternal 
pelvis in relation to the fetal head. 

Lateral projection : 

The patient is placed in front of a vertical Bucky table in either the right or 
left lateral position. The patient should be barefooted or in heelless slippers and a 
tine lateral position is maintained by use of a compression band across the hips. The 
femoral heads will then be superimposed on the film. A centimeter rod which is ad¬ 
justable to height and has a perforated scale, is placed against the sacrum at the mid- 
line of the buttocks. 

Technique 

First Exposure - DPT plus 25, 150 M. A.S. 36 inch distance 

Flash Exposure - 40 KVP, 100 M.A. 1/5 sec. 36 inch distance 

Lateral View - DPT plus 25, 300 M.A.S., 36 inch distance 
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Adjustable support to obtain Thom's measurements. 


The essential measurements to be taken are indicated in the diagram belov. 


SftCRUM 



SYMPHYSIS 

PUBIS 


BI-ISCHIAL DIAMETER 

TRANSVERSE DIAMETER 
HEAD OF FETUS 
OBLIQUE DIAMETERS 
ANTERO- POSTERIOR 
DIAMETER 
ORC.V 


Approximate normals are about as follows: 

Antero posterior diameter-Conjugata vera or C.V. 12.5 Cms. 

Obliques 13 " 

Trans. Dia. 13 " 

Bi-ischial Dia. 11 " 

The foetal head is usually 10 - 12 cms. in length (occipito-frontal) and 8-10 cms. 
in breadth (bitemporal). Its measurements are subject to more uncertainty than 
the pelvic as the height of the head above the plate varies. Thus the accuracy of 
foetal head measurements should be discounted somewhat. 
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PELVIS, OBSTETRICAL, AXIAL 


Colcher-Sussman Method: 

In this method two views are routinely taken and In both cases 14 x 17's are 
positioned lengthwise. 

For the AP projection, the patient is placed in a supine position with the knees 
flexed and the soles of the feet on the table. Sandbags are used to immobilize the feet. 
A female technician places a metal ruler between the thighs of the patient as close 
to the buttocks as possible and 10 cm. below the upper border of the symphysis pubis, 
which places it at the level of the ischial spines. The lower margin of the cassette 
is positioned at a point approximately 2 inches inferior to the symphysis and the cen¬ 
tral ray is directed perpendicular to the film. The exposure is made after expiration. 

For the lateral projection, the patient is rotated into a true lateral position with 
the knees flexed. Sandbags are placed between the ankles and under the knees and the 
lumbar spine should be checked so that it is parallel to the table top. The ruler is ad¬ 
justed so that it lies at the level of the gluteal fold and is placed so that it rests against 
the midsacrum. The film is centered through the greater trochanter and the central 
ray is directed through this point. 

Many radiologists prefer that the lateral view be taken in the upright position. The 
technique is the same as in the previous instance. 
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Snow’s Technique : 

AP and lateral films of the abdomen and fetus are taken In an upright or re¬ 
cumbent position depending upon the preference of the roentgenologist and at a 36 or 
40 inch distance. Calculations are carried out by the roentgenologist using a special 
distortion scale or ruler. 

The Ball Method : 

This method does not require the use of special apparatus or accessories in 
exposing the films. It normally includes two views, the AP and lateral except in 
cases of a breech presentation or multiple births where additional AP and lateral 
films, to include more of the abdomen, are often necessary. 

For the AP view, an upright table is used with the patient placed on the table 
with the cassette centered so that the pelvic girdle is demonstrated. The top of the 
cassette is positioned about 1 1/2 to 2 inches above the iliac crest and the film ex¬ 
posed when the fetus is quiet and while the patient is not breathing. The cassette is 
placed crosswise for this view. 

For the lateral projection, the patient is placed in a true lateral position, but 
with the midline of the pelvis to one side of the center of the table so that the gluteal 
muscles are slightly off the cassette. A restraining band may be used to keep the 
body aligned to the Bucky. The cassette is placed lengthwise and the lower border of 
the cassette should be at the lowest portion of the gluteal muscles. The exposure is 
made after exhalation. A suggested technique for the Colcher-Sussman and the Ball 
Method is as follows: 

AP - DPT plus 30 100 MAS 36" Dist. with Screen ft Bucky 

Lat - DPT plus 30 300 MAS 36" Dist. with Screen ft Bucky 

Note: In pelvimetry work, technicians must be conscious of the danger of 
radiation to the fetus, and exposure must be kept to a minimum. This hazard may be 
minimized by making certain the positioning and technique are correct before ex¬ 
posing the patient. 


SECTIONAL RADIOGRAPHY 

Lamlnography, stratography, tomography, and planigraphy are terms used to 
describe a procedure in which an attempt is made to secure Improved detail at certain 
planes in the body and blur out other planes. This is accomplished by various recipri- 
cal motions of the x-ray tube and film. These move in opposite directions about an 
axis adjustable as to height with the result that the structures in the plane of the axis 
produce shadows which do not move on the radiographic film and shadows of struc¬ 
tures in other planes do move relative to the film and therefore are blurred out. 
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Most of the machines used for this type of radiography employ linear motion, although 
circular or spiral movements are used by some. 

The laminograph is not a substitute for regular radiography but an additional 
mechanism for better visualization of certain structures such as the upper cervical 
vertebrae, upper dorsal spine in the lateral projection, sternum and sternoclavicu¬ 
lar joints, the larynx, certain parts of the skull, and lungs, and parts obscured by 
casts. The objections to sectional radiography are the time and difficulty of the ex¬ 
amination, the heavy exposure and need of multiple views, and the sometimes hazy 
definition. Some of these objections have recently been overcome by the development 
of a special cassette holding a number of films between intensifying screens of vary¬ 
ing speeds. This allows multiple films at different depths to be recorded with one ex¬ 
posure. Laminographs are used fairly frequently and often yield information unobtain¬ 
able by routine radiography. 

To obtain good results with a minimum of labor and expenditure of films it is 
necessary to adjust the apparatus for the proper depth, hence a knowledge of depth re¬ 
lationships of the parts to be examined is essential. The radiologist will specify the 
depths, but the technician will do well to study the matter himself so as to be of more 
aid to the radiologist. 

Considerations : 

1. The distance of the plane to be radiographed from the table top is determined 
and the machines adjusted accordingly. This piane is called the "datum plane." 

2. Thickness of the "slice" is to be determined. The wider the circle of the 
Kieffer apparatus or the greater the sweep or amplitude of the linear type the thinner 
the "slice" will be. Thus, the technique may call for varying lengths of sweep or 
circular or spiral motion of certain ammitude. 

3. Exposure and motion factors are adjusted so that appropriate exposure con¬ 
tinues throughout the required period of the reciprocal tube motion. M.A.S. remains 
constant for a given part. The KVP is varied with the thickness of the part and is 
best recorded as the KVP factor. This is a number to be added to twice the thickness 
of the part in centimeters and will usually be between 20 and 30 KV. Thus with a 
factor of 30 and a thickness of 16 cm. we would get a KVP of 30 plus (16 x 2) or 62. 

4. Use of a grid is advisable and the wafer grid answers the purpose well for 
linear units but not when spiral or circular motions are employed. 
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Planigraph Assembly 


Planigraph Fulcrum 


PLANIGRAPH 


ARTERIOGRAPHY (Upper and lower extremities and cerebral circulation). 

Upper and Lower Extremities : 

This examination is used to opacify the arteries and to demonstrate normal 
and abnormal blood vessels. 

For the upper extremities, the patient lies on the radiographic table in a 
supine position. A blood pressure cuff is placed high on the arm. Under aseptic 
conditions the brachial artery is anesthetized with procaine 0.5% and the artery 
entered by a venepuncture needle attached to a syringe containing the opaque mater¬ 
ial. The blood pressure cuff is inflated above the systolic pressure, then the opaque 
substance is injected. The needle is then withdrawn and pressure is applied to stop 
leakage. The first exposure is then made. The cuff is quickly deflated to the level 
of the diastolic pressure for at least 2 to 4 pulse beats and then the cuff is rapidly re¬ 
inflated. A second exposure is then made. The cuff can then be removed and a third 
exposure made. 

For the lower extremities, the patient is positioned on the radiographic table 
and the site of injection is the femoral artery. Digital pressure is applied in the 
inguinal region and the injection is made under aseptic conditions and local anesthe¬ 
sia. After injection has been made and the needle withdrawn, pressure is applied by 
an assistant over the site of injection to stop leakage. The routine for making expo¬ 
sures is the same as for the upper extremities. 
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Cerebral Circulation : 

To demonstrate the vessels within the head, the patient is positioned on the 
radiographic table either in the AP or lateral position. The patient may be under a 
general anesthesia. Using a non-Bucky technique, x-ray controls are set and the 
cassette is placed. Under aseptic conditions (site of Injection is the common carotid 
artery) and using a suitable solution such as diodrast, telepaque, or bypaque, the in¬ 
jection is made as rapidly as possible. When injection is completed the first radio¬ 
graph is made and after a lapse of 4 to 6 seconds, a second exposure is made using an¬ 
other cassette. On the first film the arterial phase of circulation is demonstrated 
and on the second film the venous phase of circulation is shown. 

In the lateral view, the side to be viewed is remote from the film due to the 
site of injection. Care must be used when moving the patient from the lateral to the 
AP position because the needle is in place in the artery. 

Due to time being of the utmost importance in cerebral arteriography the tech¬ 
nician and neurosurgeon must work closely together. A delay of one second or longer 
can mean poor visualization and render the examination valueless. 

Automatic film changing devices are often used and may be of the roll film 
type or a mechanism for the rapid exchange of cassettes. Some of these are very 
rapid allowing many exposures each second, if desired. 


LOCALIZATION OF FOREIGN BODIES IN THE EYE 

The Contact Lens Method is not difficult and yields good results. 

It employs a contact lens containing four opaque marks near its periphery. The lens 
is slipped into place over the cornea by means of a suction cup device after sensitiv¬ 
ity of the eye is dulled by a local anesthetic such as pontocalne 0.5%. The upper and 
lower dots should be in the vertical plane and the other two in the horizontal. Radio¬ 
graphs are made in exact P. A. and lateral projections through the orbit of the affected 
eye. The data from the radiographs are applied to special charts and the exact posi¬ 
tion of the foreign body determined. 

A. Radiography , further details. 

For convenience a right angle cassette tunnel is used, by means of which it is 
a simple matter to obtain the radiographs. A four-inch extension cylinder is best for 
radiography and a 36-inch anode-film distance is excellent. The cassette size is 6 1/2 
times 8 1/2 inches (8 x 10 films can be easily cut to 6 1/2 by 8 size which will answer 
well enough). Definition screens should be used and absolute cleanliness and freedom 
from lint are very real necessities for obvious reasons. The technician should also 
remember that definition screens are about 25% slower than the par speed screens. 

The patient is positioned with the sagittal plane accurately horizontal, the 
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injured eye down and the head closely applied to the vertical section in the nose-chin 
position. The patient's eyes should be directly in line with two openings provided to 
make inspection possible. An adjustable "bite bar" is attached and aids in immobil¬ 
ization. Position remains unchanged for both lateral and vertical views, adjustment 
being by appropriate arrangement of the x-ray tube. The patient should be instructed 
to look straight forward and keep the eyes and eyelids motionless during exposure. 

Occasionally it may be found helpful to make additional views with the patient 
looking up and again looking down. In this case careful identification of films is es¬ 
sential. When satisfactory radiographs are obtained the lens is promptly removed. 

B. Charting 

The P. A. film is placed so as to represent the patient facing examiner and 

then: 

1. A horizontal line is drawn just below the orbital ridges. 

2. Connect the "dots" of the lens by a vertical and a horizontal line. The inter¬ 
section of these lines naturally marks the middle of the lens and accordingly the 
optical axis. 

3. A line is now drawn through the foreign body and the center point just de¬ 
termined. It should be extended to or beyond the orbital margin to facilitate measure¬ 
ments. It constitutes the meridian of the foreign body. 

4. Measure the angle formed by this line with the horizontal line drawn as the 
first step. By use of this determination, the foreign body meridian can now be drawn 
on the first chart. (P. A. Projection). 

5. Tl.e distance between the center point (optical axis) and the foreign body 
is measured and, after the radiographic correction factor for distance is applied, 
marked on the chart at the proper place on the meridian line of the foreign body. 

We are now ready for the lateral projection. It is placed so that the in¬ 
jured eye is nearest the observer and then: 

6. A vertial line is drawn through the upper and lower dots to define the 
limbus or outer margin of the cornea. 

7. A line is now drawn through the foreign body perpendicular to this vertical 
line and the distance between the foreign body and the vertical line measured, cor¬ 
rected and applied to the second chart (lateral or meridional section) on its main 
axis above the zero line. 

8. Intersecting lines are now drawn on this same chart (meridional) as fol¬ 
lows: First a vertical line is drawn at the distance of the foreign body from the cen¬ 
ter as indicated in the first chart. Next, a horizontal line is drawn at the distance of 
the foreign body from the limbus of the cornea as already marked on the main axis 
of this chart. 

This intersection gives the position of the foreign body, indicating both 
depth from the limbus and distance from the optical axis. 
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The correction factor is calculated by dividing the actual distance between 
the two dots (12 and 6 O'clock), as stamped on lid of case, by the distance as meas¬ 
ured on the P. A. radiograph. It usually approximates 0.9. 



Sweet's Method : 

Sweet's method is accurate and is widely used for localization of foreign 
bodies in or near the eye. The method consists of x-raying the eye containing the 
foreign body in accurate relation to two fixed objects at a known distance from the 
cornea of the eye. Two x-rays are taken, one directly vertical, and one with a tube 
shift. The degree of shift in position of the foreign body in relation to the known ob¬ 
jects serve to localize the foreign body. The apparatus consists of a casette tunnel 
and cassette holder, a head brace for immobilization, a pneumatic doughnut-shape a 
cushion for comfort, and the localizer. 

The localizer consists of two objects: 

1. A small metal ball and metal cone each supported at the end of a slender 
rod. hi the vertical position one is superimposed upon the other. 

2. A heavy base and upright standard. By means of a spring and trigger ar¬ 
rangement, it can be displaced forward exactly 10 millimeters and when release ! 
will return to the exact initial position. 
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Procedure and Positioning of the Patient 

The cassette tunnel is placed on the center of the x-ray table and the patient's 
head is placed with the sagittal plane parallel to the tunnel top. The pneumatic cush¬ 
ion is placed under the patient's face and the injured eye is centered directly over 
the Indicator mark etched on to the tunnel top. The cassette holder utilizes an 8 x 10 
cassette. Two exposures are made on a single film and the cassette is positioned as 
indicated on the cassette arm holder. The tunnel is so constructed that only one-half 
of the cassette is exposed at one time and when the second exposure is made the cas¬ 
sette has been moved so that the exposed portion is protected from further radiation. 
Nomenclature of Parts (Sweet's Localizer) 

A Metal base - serves as support of the unit 

Vertical supporting arm to hold horizontal supporting channel arm "C" 

D & E "D" is supporting bracket and "E" set screw 

F & G "F" is metal ball. "G" is metal cone, spaced 15 mm. apart 
H Bracket holding "F" & "G" 

I Bracket attached to "H" 

J Spring catch engages notch "K" and trigger release "L". Also serves for 

forward setting of ball and cone. Tripping trigger "L" releases them 1 cm 
backward by action of spring "P" controlled by slot "M" and stops "N" 
mounted on rod "I". 

O Bracket serving as support of recoil spring "P" and catch "Q" for 

engaging notch "K" 

R Sighting notch "R" to give true position of ball in relation to center of 

cornea 
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HEAD REST UNIT 
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Nomenclature of Parts (Head Rest Unit) 


S Special cassette tunnel having lead protection over upper outer thirds. 

Central portion open for exposure of 1/2 of 8 x 10 cassette held by 
sliding film tray "T" 

U Vertical supporting rods serving for support of head clamp "V" 

W Pneumatic donut-shaped ring for head rest 

Note: Handle of tray "T" marked in red showing 1st and 2nd positions for 

exposing 8 x 10 film 

The localizer is cocked and the ball is placed on the same plane as the center 
of the pupil of the injured eye. When this is accomplished, the stand is then moved 
forward and the ball is pressed into the closed eyelid. The patient is instructed not 
to move his eye when this is done, and also instructed to look at a fixed object througn- 
out the examination. The ball is pressed into the eyelid approximately the thickness 
of the lid. The trigger is then tripped. The tube is not tilted for the first exposure. 

A thirty-inch target-film distance is used with the central ray centered to the injured 
eye. The first exposure is then made. 

For the second exposure the cassette is moved to the second position, the tube is 
moved toward the patient's feet and angled back toward the patient's head so that an 
angle of 10 to 15 degrees is made. The central ray is then directed to the center of 
the injured eye and this will also separate the metallic ball and cone. The target-film 
distance does not have to be exact or the same as for the first exposure. The patient 
should be instructed to stop breathing during each exposure. The foreign body is lo¬ 
cated by determining on a chart its position in relation to the known positions of the 
ball and cone indicators. 
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SIZE OF BODY. 
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Steps to follow when plotting : 

1. After the film has been processed start with the lateral view. With a sharp 
metal or pencil point draw a line through the superimposed ball and cone and their 
superimposed supporting stems. Drop a perpendicular from the foreign body to this 
line and measure the distance from the superimposed ball and cone to the base of the 
perpendicular line. Then measure the distance out to the foreign body. Place a dot 
representing the foreign body on the lateral view of the chart. On the example, the for¬ 
eign body is 2 mm. posterior to the ball and cone and 2 mm. below the axis. This is 
Point A. 

Note : Make certain when using the chart that the right or left eye is marked cor¬ 
rectly and the proper chart used. 

2. Extend the line from Point A which is the foreign body in the lateral view 
horizontally to the front view diagram making line AF. 

3. Draw a vertical line from A to the edge of the chart which will be Point B 
and extend the line over to the horizontal section. 

4. On the second exposure two measurements are necessary. One which will be 
Point D is determined by measuring the distance from a line through the cone and 
its supporting stem along a perpendicular to the foreign body, and G which will be a 
point determined by measuring the distance from a line through the ball and its sup¬ 
porting stem perpendicular to the foreign body. Thus, on the example point D is 1 mm. 
above cone lines and point G is 3 mm. below the ball line. Points D and G are then 
placed on the front view and a line connecting these two points is drawn. 

5. Place a dot at the intersection of line A-F and line D-C finding Point E. Then 
draw a line vertically into the horizontal section of the chart through Point E until it 
crosses the line on the horizontal section. Mark this Point C. 

6. The foreign body will now be located in the lateral,- frontal and horizontal 
views at Points A, E and C. 

Another method for localizing foreign bodies in or near the eye consists of the 
physician sewing a fitted metallic ring on the cornea at the limbus. PA and lateral 
views are taken and foreign body localization is similar to the Pfeiffer technique. 
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FOREIGN BODY LOCALIZATION (Other than the eyes) 

Three methods of localizing foreign bodies are the stereoscopic method, the 
right angle method, and the triangulation method. The particular technique will vary 
with requirements of the case, hi general, simple methods will suffice and may be 
all that can be carried out. A preliminary radiograph is required to determine the 
presence and approximate position of the foreign body. 

Stereoscopic Method : A stereoscopic set of films is taken and viewed by the 
doctor. 

Right angle Method : Two films are taken at right angles to each other. This 
then localizes the foreign body. The skin can be marked over a foreign body by using 
a fluoroscope and marking the skin at multiple points but particularly two points at 
right angles to each other. This should be done only by a physician. 

Triangulation Method : This method allows calculation of the depth of a foreign 
body. It depends upon two radiographs taken on the same film. The nearer the object 
to the tube, the greater will be the shift of the object on the film. 

Procedure and.Positioning of Patient 

Position the patient as for a routine AP and lateral centered over the region 
in which the foreign body lies. One exposure is then made with factors which are the 
same as those for the routine film except that the exposure time is half that normally 
used. Without moving the patient or the film, the tube is shifted (the direction of the 
shift is not important except that it must not be vertical) and another exposure exact¬ 
ly the same as the first is then made. The distance between the target and the film 
for the first exposure must be accurately measured and recorded. The distance of 
the tube shift in inches between the first and second exposures must also be accurate¬ 
ly measured and recorded. After the film has been processed, the distance of the 
foreign body shift on the film must be accurately measured and recorded. The depth 
of the foreign body is then calculated according to the following formula: 

X = DM 

T plus M 

X equals the distance of the foreign body from the screen. 

D equals the anode film distance. 

M equals the distance of the image shift. 

T equals the distance of the tube shift. 

D minus X equals the distance of the anode to the foreign body. 

The same procedure is carried out for both the AP and lateral views. 
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TUBE SHIFT 



Technique : Normal exposure factors are employed, except that two exposures are 
made on the same film, the first exposure using one-half the exposure time. The tube 
is then shifted and the second exposure is made at the same exposure time as the first. 


POLAROID PROCESS 

This process is not intended to replace radiographic procedures but rather to 
act as an adjunct to radiography. Since the image is on a positive which is not trans¬ 
parent it is viewed by reflected light rather than by transmitted light. Also since the 
developing medium, the photosensitive surface, and receiving or positive paper are 
part of one package a simple processing unit dispenses with regular darkroom equip¬ 
ment. The process may be conducted in temperatures from 32 degrees F. to 130 de¬ 
grees F and can be performed in daylight provided care is taken ihat the packet is 
not exposed to intense sunlight or artificial light when it is being loaded into the spe¬ 
cial cassette that is provided. When loading the cassette extreme care must be used 
to avoid fingerprints on the face of the receiving sheet since normal finger acids will 
etch the surface and will be apparent on the positive film. Also care must be taken 
to see that the receiving sheet is not buckled since it will break down the surface of 
the sheet and show on the finished product. Technicians should read all the instruc¬ 
tions provided with the polaroid set carefully before loading the special cassette or 
carrying out the processing procedure. It should be remembered that if the image on 
a polaroid film appears too light it would indicate that the film is overexposed. H the 
Polaroid film appears too dark it would indicate that the film is underexposed. 


366 


Digitized by Google 


Original from 

UNIVERSITY OF MICHIGAN 




IMAGE INTENSIFIER 


These X-Ray devices allow ’’daylight" fluoroscopy with brightness in¬ 
creased 200 to 3000 times. By use of an image intensifying tube and an op¬ 
tical system to focus the image, the procedure can be recorded by camera 
for later viewing or immediate viewing through television hookup. 

1. X-Rays pass through the patient and impinge on a 5" to 9" fluorescent 
screen located behind the glass envelope of the electron vacuum tube. Light 
from the screen creates an electron image on the photoelectron surface. The 
image is focused and accelerated by a kilovolt potential to an aluminum 
backed phosphor layer 1" in diameter. The electrons arrive here with in¬ 
creased velocity and are condensed into a smaller area. Here the image is 
increased a minimum of 200 times the brightness of the fluorescent screen 
image. 


2. The image passes through a magnifying lens which enlarges the image 
from the phosphor layer, and is reflected from one mirror to another. From 
the second mirror it passes through an objective lens into another mirror. 
From this mirror it is reflected through a window in the tube housing. The 
image can be reflected to the viewing mirror; to a television camera; or to 

a motion picture camera (Cine). 

3. Cine operation is controlled by the radiologist. The camera is located 
directly above the image tube. The cine lens is located between the image 
tube and the first optical system. The mirror for fluoroscopy moves out of 
the field allowing the image to pass to the camera. Approximately 96% of the 
light passes to the camera and 4% to the viewing mirror for fluoroscopy. 

4. The camera is loaded with rapid fine grain film, and set to operate 
at either 7-1/2, 15, 30, or 60 frames per second. A trial run should be con¬ 
ducted prior to actual operation. 

5. Technique: 70 to 120 KV, 2 to 5 MA. Phototimer may be used with 
the unit for spotlilms. 

6. Adjustment of the mirrors is critical, TREAT T^ T F UNIT WITH 
CARE WHEN MOVING. 

7. Working Darts of the unit consist of the image intensifying unit, 
optical system locus the image to tne viewer and to tne camera; and a 
closed circuit television system, including camera and monitors, if utilized. 
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OPERATING ROOM PROCEDURES 


Some of the more frequent procedures, requiring the use of X-Ray in the 
operating room are: orthopedic surgery, biliary tract surgery, gentio-uri¬ 
nary tract surgery and sponge search. 

Medical aseptic technique must be observed at all times. It could be 
broken by soiled uniforms, soiled shoes, uncovered hair, and a dirty or 
dusty X-Ray machine. Strict compliance with proper dress, gown, mask, 
cap, cotton boots, must be maintained while in the immediate surgery area. 
Consult with the operating room personnel concerning clothing which should 
be worn and the areas to which you will have access while taking X-Rays. 

Hazards in the operating suite include possible explosions of anesthestic 
gases caused by electrostatic sparks and sparks from electrical equipment. 
General precautions must be taken against the use of synthetic or woolen 
fabrics. The X-Ray machine should be checked for proper grounding and any 
electrical defects which may cause sparks must be corrected before use. 

Only those X-Ray machines approved by competent authority should be used 
in the operating room. 

To prevent interference with surgical procedures, a complete pre-oper¬ 
ative check should be made of the machine, technique, proper film holders, 
and darkroom for immediate developing of film. If possible, a simulated run 
with the operating room personnel should be made. 

HIP NAILING OR PINNING 

This is one of the more frequent procedures, requiring X-Rays per¬ 
formed in the operating room under strict surgical technique. It is performed 
to repair a fracture of the proximal aspect of the femur. 

The technician should report to surgery early enough to check out the two 
X-Ray machines required for this procedure and to observe the preparation 
being made by the operating room personnel. Have pre-operative films avail¬ 
able on the view box for the surgeons reference and comparison as required. 

One machine should be positioned for an AP projection and the other for 
a lateral projection. The position and number of films will depend upon the 
surgeon. Rapid developing should be accomplished to minimize interference 
vith the surgical procedure. 
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PARANASAL SINUSES AND SINUS TRACTS 


PARANASAL SINUSES 

This radiographic examination is performed to demonstrate the paranasal 
sinuses. It is accomplished by using one of the iodized oils diluted to one-half 
strength and injected directly into the sinuses. If a window has been cut into 
the sinus before injection the patient must be positioned accordingly, other¬ 
wise routine sinus views may be used. 

SINUS TRACTS 

This examination is distinguished from the routine nasal sinuses in that it 
can be used to demonstrate most sinus tracts. 

Caution should be exercised to insure that the contrast media used is non¬ 
irritating, or will not produce a toxic reaction on absorption. The preferred 
contrast media is iodized oil. 

The Medical Officer may follow this procedure: 

1. Surrounds the orifice with a gauze dam. 

2. Fills appropriate syringe with warm contrast media. 

3. Expels the air. 

4. Injects media into the sinus tract. 

Take routine views of the part being examined plus stereo views. 

SIALOGRAPHY (Salivary Glands) 

This procedure is performed to demonstrate the parotid and submaxillary 
glands. The examination requires no special preparation to demonstrate the 
ducts and alveoli. The Medical Officer inserts a fine silver, chrome, or 
plastic cannula into the ducts and injects the contrast media until the patient 
feels discomfort. To locate the small openings of the ducts have the patient 
place salt or a few drops of lemon juice in the mouth. These will cause the 
ducts to give off saliva and be easily located. The radiographs are made 
rapidly while the ducts are filled, but before the alveoli are filled. 

Films: 

1. PA mandible 

2. Tangential projection of the parotid in the AP position, rotate patient 
to side being examined so the gland is at right angles to the film. 

3. True lateral of the mandible with head extended. 

4. Oblique mandible of the side being examined. 

Note: To demonstrate calculi of the ducts, use dental occlusal film 
placed as far back in the mouth as possible and hold in place by having the 
patient bite down. The X-Ray exposure is then made with the central ray 
directed submentally to the center of the film. 


366-3 


Digitized by Google 


Original from 

UNIVERSITY OF MICHIGAN 



HYSTEROSALPINGOGRAPHY AND PLACENTOGRAPHY 


PLACENTOGRAPHY 

Radiographical visualization of the placenta after the injection of a contrast 
media. This examination is often performed without the use of a contrast media, 
using routine radiographs of the part. If contrast media is used, it is injected 
while the patient is in the upright position. Since the placenta itself is not vis¬ 
ualized, if it is low in the pelvis, it’s presence there is implied by a lack of 
descent of fetal parts into the pelvis. The bladder must be visualized to locate 
the presence of the placenta in the pelvis. Air or other gases can be injected 
into the bladder to demonstrate the anterior aspect, and into the colon to dem¬ 
onstrate the posterior aspect of the placenta. 

Films taken are AP and lateral using soft tissue technique for the part. 
HYSTEROSALPINGOGRAPHY 

This examination is performed on female patients to visualize the uterus 
and ovaries and to determine the patency of the fallopian tubes. Other terms 
for this examination are uterosalpingography, uterotubography, hysterotubo- 
graphy, metrosapingography and metrotubography. 

Pre-examination preparation: 

1. Warm water enemas just prior to the examination. 

2. Schedule about seven days following menstruation. 

3. Cleansing douche the morning of the examination. 

Procedure during the examination consists of having the patient void just 
prior to being placed on the table. Place patient in the supine position and take 
a routine film of the pelvic area to detect the presence of flatus or fecal matter 
and to check technique. Move the patient into the lithotomy position before the 
Medical Officer injects the contrast media. Fluoroscopy may be performed to 
check filling of the part or to detect spillage. 

This examination may be performed using an iodized oil as the contrast 
media. 

Films: 

1. AP and special views reouested by the Medical Officer. 

Visualization by induced pelvic pneumoperitoneum: 

This procedure is performed to outline the uterus, ovaries, and tubes. 
Air may be introduced via the uterus, directly through the posterior fornix of 
the vagina (by cuidoscope or needle) r or through the anterior abdominal wall. 
1200-1500 cubic centimeters of gas are ideal; carbon dixoide, oxygen or nitrous 
oxide are best because they are less irritating and absorb rapidly. The follow¬ 
ing views are taken as rapidly as possible: 

1. Place patient in the prone position with the table elevated twenty 
degrees at the foot end. The central ray is directed to the tip of 
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the coccyx at an angle of 20 to 25 degrees. 

2. Obliques with the side being examined elevated, the film posterior 
to the patient, and the central ray directed across the table (later¬ 
al decubitus). 

INDUCED PNEUMOPERITONEUM AND SPLENOGRAPHY 
INDUCED PNEUMOPERITONEUM 

Abdominal organs of relatively the same density as surrounding tissue are 
distinguishable by using one of the gases as contrasting material. 

Preparation of the patient begins the night before the examination with one 
fluid ounce of castor oil at bedtime. A cleansing enema is used in the morning 
of the examination to expel any remaining feces of flatus. Approximately 30 
minutes before the examination a sedative will be given as ordered by the Med¬ 
ical Officer. When the patient arrives at the X-Ray department, he or she is 
placed on the table and draped as for laporotomy. A local anesthesia is admin¬ 
istered to the site of injection. 

Procedure : The Medical Officer inserts a lumbar puncture needle, with 
stylet in place, through the fascia and peritoneum at a point approximately one 
inch to the left of the umbilicus. The stylet is then removed and the pump con¬ 
nected for injection of carbon oxide, oxygen or nitrous oxide. The Medical Offi¬ 
cer may use a stethoscope next to the needle to check the gas entering the ab¬ 
domen. The puncture needle is removed and the wound is dressed. 

Films : 

1. Lateral : Transabdominal with the patient in the supine or prone 
position. 

2. AP Lateral Decuitus : This view demonstrates the spleen, left 
kidney and left side pathology. 

3. PA Lateral Decubitus : This view demonstrates the liver, right 
kidney and right side pathology. 

4. PA with Patient Prone: This view shows the relationship of all 
abdominal organs and subphrenic spaces. To demonstrate the 
pelvic organs, the patient is placed on the table in the prone 
position with the head down about fifty to sixty degrees. The X-Ray 
tube should be vertical and the central ray directed to the anus. 

SPLENOGRAPHY 

The purpose of this examination is to demonstrate the spleen and the 
portal venous system. 

The pre-examination preparation is the same as for other radiographic 
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examinations of the abdominal area. 


There are two methods used to demonstrate the spleen. The procedure 
that visualizeds the internal structures, uses a water soluble contrast media 
injected directly into the spleen. Induced pneumoperitoneum is used to demon¬ 
strate the external contours, and the relative position of the spleen. 

The procedure to demonstrate the internal structure is more complicated 
than by induced pneumoperitoneum. The patient is given a general anesthetic 
in the operating room with an endotracheal tube inserted for the purpose of the 
anesthetist to control the patient's respiratory motion during the examination. 
Place the patient on the radiographic table with the left arm abducted ninety 
degrees. The lower left lateral aspect of the abdominal wall is prepared for 
the injection. The needle is inserted at the mid-axillary line at the ninth or 
tenth interspace. To stabilize the diaphragm and lessen the maceration of the 
spleen, the patient is held in apnea by the anesthetist during the injection. 

With good patient cooperation , the procedure can be accomplished under seda¬ 
tion and a local anesthesia. The possibility of laceration of the spleen, and 
necessity for immediate repair must be considered. If general anesthesia is 
used, the contrast media is injected over a period of five to six seconds. The 
needle is withdrawn and rapid serial radiographs made as quickly as possible. 

To demonstrate the external structures of the spleen, the procedure for 
introducing the gases is the same as for induced pneumoperitoneum. The re¬ 
quired films are taken after the patient has been placed in a position to allow 
the gas to rise around the spleen. 

ARTHROGRAPHY 

This examination demonstrates the menisci, tears, fractures, and carti¬ 
lage of the epiphysis of the knee joint, and ANY joint space. 

The procedure to demonstrate the knee joint is performed more frequently 
than for any other joint space. The Medical Officer withdraws the synovial 
fluid and injects approximately 100 to 150 cubic centimeters of air, carbon 
dioxide, or water soluble contrast media. To help concentrate the contrast 
media within the joint space, place an ace bandage just above the knee. 

Radiographs: 

All films are taken with the patient in the prone position with the central 
ray directed to the lower margin of the patella, and utilizing an extension 
cylinder. 

1. Medial aspect of the knee joint (PA) 

2. Medial aspect with forced abduction (PA) 

3. Lateral aspect of the knee joint (PA) 

4. Lateral aspect with forced adduction (PA) 
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Note: The opposite side of the knee being radiographed is pressed 
against a board and abducted or adducted as appropriate. This causes the 
contrast media to fill the minute areas to be demonstrated. 

LYMPHANGIOGRAPHY 

This procedure demonstrates the lymph nodes and patency of the vessels 
to determine the involvement of pathology, especially malignancy. 

Materials required: 

1. Evans Blue (dye) 

2. Iodized oil contrast media 

3. Appropriate syringe and needles to administer local anesthesia. 

4. Very fine catheter 

5. Special pumping apparatus to administer the contrast media with 
constant pressure. 

Procedure : 

The Medical Officer administers the local anesthetic and injects the 
Evans Blue dye to the area. The Evans Blue dye is absorbed into the lymph¬ 
atic system allowing the lymph nodes and ducts to be located for direct injec¬ 
tion of the contrast media. A cutdown is performed and the fine catheter is 
inserted into the lymph duct. The special pump is connected to the catheter and 
injection of the contrast media started. 

Radiographs are made of the injected site and regional lymph nodes. 
Delayed films may be made following surgery or radiation treatment of the 
part as the contrast media is visualized in the regional nodes up to three 
months following injection. 

INFERIOR VENA CAVOGRAPHY 

This examination demonstrates the inferior vena cava, retroperitoneal 
space, kidneys, ureters and bladder. 

Pre-examination preparation is the same as for intravenous pyelography. 

Materials required: 

1. Appropriate water soluble contrast media 

2. Intravenous setup. 

3. Large syringe and seventeen gauge needle. 

4. Tourniquet suitable for use on thigh. 

5. Local anesthetic. 

Procedure : 

The tourfiquet is placed around the opposite thigh from the one to be 
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injected to cut down dilution of the contrast media in the vena cava. The Medi¬ 
cal Officer forcefully injects 20 to 25 cubic centimeters of contrast media into 
the femoral vein opposite the tourniquet. As the injection nears completion; 
the films are made as quickly as possible, then the tourniquet is released. 

Radiographs required : 

1. AP and a translateral projection of the abdominal area. 

2. The contrast media is excreted by the kidneys, therefore, a 
followup film is usually made using the same positions as for 
an intravenous pyelogram. 


ANGIOCARDIOGRAPHY 

This examination visualizes the heart and great vessels surrounding the 
heart. 

A concentrated water soluble contrast media is injected through a catheter 
in the vein and is concentrated in the heart. To produce sufficient concentra¬ 
tion at a given part of the heart, a circulation test is usually done to determine 
the rate of flow of the contrast media. After the Medical Officer has made the 
injection, rapid serial radiography is used to record the image. Care must be 
taken to expose the film in conjunction with the arrival of the contrast media 
at the site of the part of the heart to be visualized. 

Oxygen and appropriate drugs should always be present in case of an 
emergency. 
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CHAPTER VI 


DARKROOM PROCEDURES 


FILM EMULSIONS 


From the standpoint of practical roentgenology, one of the most important proper¬ 
ties of x-rays is the ability to affect photographic emulsions and make possible the pro¬ 
duction of x-ray pictures (radiographs). 

Photographic emulsions consist of gelatin containing various mixtures of silver 
halides notably silver bromides and iodide. Such emulsions are affected by the actinic 
rays, including ordinary light, infra red (special emulsions), ultra violet, x-ray and 
the gamma rays of radium, the last being shorter and still more penetrating than 
x-rays but otherwise similar. The effect of the actinic rays on the silver halides is 
to disarrange their electron patterns and, if the rays are applied sufficiently long, to 
cause these compounds to disintegrate with the formation of metallic silver in finely 
divided state. The emulsion blackens as a result. However, long before such occurs, 
there is merely a change in the electron pattern which is undetectable by the closest 
physical examination but which none the less affects the silver halides so that they are 
extremely susceptible to reducing agents (developers) in proportion to the amount of 
actinic rays that have reached them. Thus if we place an emulsion coated film or 
glass plate, part of which has been exposed to x-ray or light, into a solution of a re¬ 
ducing agent (developer), the exposed part of the emulsion will show reduction of the 
silver halides to metallic silver and will consequently appear black. The unexposed 
portion will remain unchanged. 

Photographic emulsions are of many types and their production is an intricate 
specialty. There are both fast and slow emulsions, and emulsions sensitized to var¬ 
ious shades of light. The slower emulsions have a preponderance of small crystals 
of silver halides and so are termed "fine grain." Regular x-ray emulsions are spec¬ 
ialized along the lines of speed, contrast and sensitivity to the light of intensifying 
screens. A special emulsion is designed for direct x-ray exposure only and is used 
for making "non-screen film." 

Emulsions are now coated on a flexible base of cellulose acetate which.is about 
. 008 inch thick, usually tinted a pale blue and providing the right degree of stiffness 
and flatness for handling purposes. This base is less inflammable than ordinary paper 
and so is quite safe as regards fire hazards. Formerly nitro-cellulose was used. This 
was highly inflammable and, moreover, when burned gave off highly poisonous fumes. 
In the earliest days glass plates were used. Needless to say these were heavy, fragile 
and generally difficult to work with. The coating of x-ray emulsion is usually about 
. 001 inch thick and is applied to both sides of the cellulose acetate base for increased 
sensitivity. 

The purpose of using films is, of course, to obtain an x-ray picture or radiograph. 
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By reason of the penetrating power of x-rays and the impossibility of focusing them, 
it is obvious that we will obtain something altogether different from a photograph. 

What we obtain is a shadow picture built up of various densities and in which, of 
course, the bony structures will stand out with the greatest distinctness as relatively 
translucent areas, because of their greater density. 

FILM PROCESSING AND SOLUTIONS 

Processing is the term for the various operations that collectively produce a 
visible, permanent image on an exposed film. These operations are developing, 
rinsing, fixing, washing and drying. The finished product is, of course, called a 
radiograph. The care taken in the exposure room must be followed by equally pain¬ 
staking work in the processing room (darkroom) if radiographs of acceptable quality 
are to be obtained. 

DEVELOPER 

The term "developer" has resulted from the fact that this solution develops the 
"latent" photographic image on the exposed film, plate or paper, making it visible. 
Chemically however, the essential reagents of the developer are reducing agents in 
that they reduce the exposed silver halides in the film emulsion to black metallic silver. 

There are an exceedingly large number of chemical agents that are used for this 
purpose but in most x-ray work we have only to do with a few, namely elon or metol 
and hydroquinone. Elon and metol bring out the detail on our radiograph and the hydro- 
quinone, more, active and intense, brings out density and contrast. Hydroquinone, how¬ 
ever, loses activity rapidly as the solution temperature drops to 60°F. and below and 
so a developing temperature of 60°F. or below cannot be used with satisfactory results. 
At high temperatures, activity of the hydroquinone becomes too intense and once more 
good results become impossible. The optimal range is from 63°F. to 68°F. This is 
not to say that work may not be done at other temperatures but to Indicate that the re¬ 
sults will fall notable short of high standards whenever the 63 - 68°F. range is grossly 
deviated from. 

To prevent rapid oxidation of the reducing or developing agents sodium sulphite, 
an antioxidation agent, is made use of. Proper development also requires the presence 
of an alkaline reaction in our solution and the alkali carbonates (usually sodium) are 
used for this purpose. A restraining agent is necessary in the developer to prevent 
overaction of the Ingredients and to keep the "whites" (unexposed areas of the film) 
clear. Potassium bromide accomplishes this. It might be noted here that if exces¬ 
sively high developing temperatures are unavoidable, the bad effects on the film may 
be lessened by increasing the amount of bromide. 

Developer may be prepared by weighing out the chemicals and dissolving them in 
accordance with formula but, as this is seldom convenient in most laboratories, it is 
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the usual practice to use reaty mixed developers prepared by the film manufacturers 
These may be requisitioned from the naval supply depots. 


DEVELOPING FORMULA 



FOR. 

.. 1QT. 

1GAL. 

5 GAL. 

10 GAL. 

Water 

1 Pt. 

2 Qts. 

2-1/2 Gal. 

4 gal. 

Elon or Metol 

30 Gr. 

1/4 Oz. 

1-1/4 Oz. 

2-1/2 Oz. 

Sod Sulphite, anhydrous 

3 Oz. 

12 Oz. 

4 1b. 

8 lb. 

Hydroquinone 

160 Gr. 

1-1/4 Oz. 

6-1/4 Oz. 

12-1/2 Oz. 

Sod. Carbonate, anhydrous 

1 Oz. 

4 Oz. 

1-1/4 lb . 

2-1/2 Lb._ 

Pot. Bromide 

90 Gr. 

3/4 Oz. 

4 Oz. 

8 Oz. _ 

Cold water to make Total 

1 Qt. 

1 Gal. 

S Gal. 

10 Gal. 

DEVELOPING FORMULA (METRIC) 


FOR. 

.. 1 QT. 

1 GAL. 

20 Liters 

40 Liters _ 

Water 

500 cc. 

2,000 cc. 

10,000 cc. 

20,000 cc._ 

Elon or Metol 

2 grams 

8 grams 

40 grams 

80 grams _ 

Sod. Sulphite Anhydrous 

75 " 

300 " 

1,500 " 

3,000 " 

Hydroquinone 

10 " 

40 " 

200 " 

400 " 

Sod. Carbonate Anydrous 

30 " 

120 " 

600 " 

1,200 " _ 

Pot. Bromide 

6 " 

24 " 

120 " 

240 " 

Cold Water to Make Total 

1 Liter 

4 liters 

20 Liters 

40 Liters _ 


DISSOLVE IN ORDER GIVEN. Time: 5 MINUTES AT 68°F. 


Digitized by Google 


369 


Original from 

UNIVERSITY OF MICHIGAN 



ONE MINUTE DEVELOPER 


Occasionally it is necessary to process film with the utmost speed. As an aid in 
this a one minute developer can be used. This is made up as follows: 


Water . 96 oz. 

Sod. Sulphite, dessicated. 12 oz. 

Rydroquinone. 6 oz. 

Sod. Hydroxide (caustic soda) . 5 oz. 

Potassium Bromide . 4 oz. 

Water to make. 1 gallon. 


Dissolve the chemicals in the order given. 

Two parts of stock solution are mixed with one part of water and the x-ray film 
is developed for about 60 seconds at 68°F. The tray method is advisable so as to 
lessen the amount of solution that is needed since, due to its poor keeping quality, it 
must be discarded after use. The stock solution may be retained about two months 
without deterioration if kept in a well stoppered brown bottle. Use film clips to keep 
the hands out of the solution. The solution depth should be about 3/4 of an inch and 
the film is immersed by a quick, sliding motion. If the film is not covered evenly, 
dark streaks in the radiograph will result. The film should be moved about frequently 
while developing. Rinsing should be thorough before placing in the fixer. Fixation 
should be as usual but the film may be viewed after one minute. 

DEVELOPING IN WARM SOLUTIONS 


When use of very warm solutions (not beyond 95°F.) is unavoidable, the addition 
of 13 ozs. of sodium sulphate to each gallon of developer will protect the emulsion. A 
special fixing bath will also be needed (q.v.). 

For temperatures between 75 - 85°F. , the addition of 3 ozs. potassium bromide 
to each five gallons of regular developer will aid considerably in obtaining clear nega¬ 
tives. 


Develop as follows: Temperature Time 


70 degrees F. 4-1/2 min. 

73 " " 4 " 

75 " " 3-1/2 " 

78 " " 3 " 

80 " " 2-1/2 " 

85 " " 2 " 
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Commercial developers may also contain other substances, often in very small 
quantities, which improve the physical properties, Increase activity and life, and re¬ 
duce sludging. 

RINSE WATER 


After a film has been developed it retains in and on the surface of the emulsion a 
considerable amount of developer solution. Rinsing washes the surface of the film. If 
this step were omitted, the alkaline developer retained by the film would soon neutral¬ 
ize the acid short stop or fixer and possibly produce stains on the radiograph. 

# 

SHORT STOP 

As has Just been stated the developed film must be rinsed. In addition the action 
of the developer must be stopped upon completion of developing time. Although this may 
be partially accomplished fay rinsing the film in clean running water and then placing in 
the fixer to complete the action the use of a short stop is more efficient since this acid 
medium neutralizes the alka line developer quickly and protects the fixer from contamin¬ 
ation by the alkaline developer. The short stop usually consists of a dilute acid. One- 
half pint of glacial acetic acid added to five gallons of water constitutes a very efficient 
short stop. 

FIXING BATH 


When an x-ray film is properly developed only those silver halide crystals which 
were exposed to radiation are affected and converted into a visible radiographic image. 
Except for a very small proportion recognized as fog, the unexposed cxystals remain 
unaffected by the developer. To help complete the processing procedure, the developed 
film must be cleared of the undeveloped crystals so that when washed the film will not 
react to light. When the film is Improperly cleared, the remaining unexposed, there¬ 
fore undeveloped crystals, will darken on exposure to light thereby obscuring the radio- 
graphic image. The result is a radiograph of very poor quality. Sodium thiosulfate is 
the fixer chemical used to accomplish the clearing of the film. 

A hardening ingredient must also be present in the fixer to prevent excessive swell¬ 
ing or softening of the emulsion in the wash water or during the drying of the film in 
warm air. This Ingredient helps shorten drying time and helps prevent scratching of 
the emulsion. The chemical usually used is potassium alum. 

An acldlfler is necessary for the correct action of the other chemicals and also 
neutralizes any alkaline developer that may be carried into the fixer. When the neutral¬ 
izing action is accomplished through the use of a short stop it is more efficient and 
prevents contamination of the fixer solution by the alkaline developer. The acid usual¬ 
ly found in the fixer solution is acetic acid. 
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A final active Ingredient is sodium sulfite which acts, as a preservative and helps 
prevent decomposition of the fixer solution. To a lesser degree, this chemical also 
assists the sodium thiosulfate in clearing the film. 

POTASSIUM ALUM FIXING BATH 


English Metric 


Sodium Thiosulphate (Hypo) . 25 lbs. 10 kilos 

Water (120 degrees F.) to make. 5 gallons 20 liters 

Sodium Sulphite. 1-1/4 lbs. 500 gms. 

Glacial Acetic Acid . 1-1/4 pts. 500 cc. 

Potassium Alum... 1-1/4 lbs. 500 gms. 

Cold Water (70 degrees F.) to make . 10 gallons 40 liters 


Directions: 

1. Place the hypo (sodium thiosulfate) crystals in the clean fixer tank and add 
the 120°F. water with continuous stirring until the hypo is completely dissolved. 

2. Completely dissolve the sodium sulfite in three quarts of water in a separate 
container and add to the hypo solution with continuous stirring. 

3. Dilute the glacial acetic acid in three quarts of cool water in a separate con¬ 
tainer and slowly add to the fixer tank with continuous stirring. 

4. Dissolve the potassium alum in two quarts of warm water, then dilute with 
cold water to make a gallon and add to the other ingredients slowly and with contin¬ 
uous stirring. 

5. Bring tank up to the 10 gallon level with the cold water. 

Do not use water hotter than 120°F. when mixing the sodium thiosulfate. Be sure 
the solution has cooled before adding the dilute acid. (There should be no difficulty here 
as the hypo chills the solution as it dissolves.) 

NOTE: One and one quarter pounds (or 500 gms.) citric acid may be substituted 
for the glacial acetic acid in the above formula. Be Bure that it is completely dissolved 
before adding to the hypo solution. 

Ready mixed fixers in powder form are prepared commercially and may be obtained 
from the medical supply depots in various sizes. 

For fixing films when solutions must be used excessively hot the following is 
recommended: 
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HOT SOLUTION FIXER 


Hypo. 2 lbs. 

Anhyd. Sod. Sulphite. 6 oz. 

Water. 2 qts 

Formalin (ordinary commerical 40%).. 1 pt. 

Water to make. 1 gal. 


Since this solution is not acid, an acid short stop is imperative. 

All fixer solutions gradually lose their strength and become exhausted. When the 
time needed to clear a film has doubled (6-8 minutes as compared to the original 
time of 3 - 4 minutes in the fresh solution) the fixer should be discarded. 

The total fixing time should be 15 - 20 minutes for good results. During this time 
the film should not be removed from the fixer or in any other way exposed to light until 
they have at least completely cleared. Any film removed after clearing (as for wet 
reading) but prior to the necessary 15 - 20 minutes needed for proper fixing should be 
returned to the fixer before further processing steps take place until the total necessary 
fixing time has been accomplished. Any such film not returned to the fixer to complete 
the fixing time will lose their original quality. 

RINSE FOLLOWING THE FIXER 

A rinse tank is desirable following the completion of fixing of the radiographic film 
since rinsing the film prior to placing it in the wash tank will remove most of the fixer 
clinging to the surface of the film and cut down on the amount of time needed for washing. 
The more fixer removed from the film prior placing it in the wash, the cleaner the wash 
water will remain and the more effective it will be. 

WASH WATER 

It Is essential that finished radiographs contain nothing but developed silver grains 
suspended in gelatin in order that they will be completely inert to light or chemical act¬ 
ivity. Hence the films must be properly washed in order to remove the processing chem¬ 
icals. If this step is slighted the image will discolor and fade. If washing is neglected 
or accomplished for only a few minutes the dried film surface will feel oily and gritty 
and have a scummy appearance due to absorbtion of moisture from the atmosphere. 

Washing should be carried out in running water (four complete changes per minute) 
for 30 minutes. Faster or slower running water will speed up or slow down the washing 
time. The water temperature should not exceed 70 F. Some wash tanks are divided 
into two compartments, a small and a large. The small tank, nearest the fixer tank 
receives the dirtiest film. After 15 minutes in this compartment the films (almost 
clean) are moved to the larger compartment of-the wash tank where the washing cycle is 
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completed in very clean water. In this 
manner, when large numbers of films 
are being processed, washing may be 
adequate without increasing the time. 

When solution temperatures are 
high it may be necessary to greatly 
curtail washing time. This means a 
sacrifice in quality but film of poorer 
quality are preferred to film with mel¬ 
ted emulsion. 



There are very apt to be occasions 
in the naval service when fresh water 
is at a premium. It is then well to re¬ 
member that clean sea water will ac¬ 
complish rapid removal of the proces- Darkroom Processing Tanks 

sing chemicals from the x-ray film. 

Thus the washing operation may be cccomplished as follows: 


1. Sea water. 15-20 minutes followed by 

2. Fresh water. 5 minutes 


Fresh water should always follow the sea water if possible since the salt deposit left on 
the surface of the film after drying will tend to absorb moisture from the atmosphere. 
Running water should always be used to wash film if possible, otherwise, 4-6 changes 
of water must be employed. 

THE DARKROOM 


The darkroom is an important workroom deserving of the best consideration. It is 
all too common to find some undersized "hole in the wall" or dingy closet set aside for 
process of radiographic film. Ventilation, plumbing, electricity, hot and cold water, 
storage space, work benches, etc. must all be provided for. An example of a practical 
layout is shown in the illustration. Notice that the processing area and the loading and 
unloading area are separated to such an extent that the possibility of solutions being 
splashed on dry film and intensifying screens and thereby causing flaws on the radio¬ 
graphs is prevented. 

Next, and of great importance, are three basic matters that are the direct res¬ 
ponsibility of the technician: (1) cleanliness of the darkroom and the equipment; (2) 
temperature control of the processing solutions; (3) proper safelight illumination. 
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Perspective views of a typical processing room. 
Left: Film-handling area. Right: Processing area. 



CONVENTIONAL TYPE OF DARKROOM 


1. LABYRINTH 

2. DRYER (24 film capacity) 

3. EXHAUST DUCT 

4. STORAGE CABINET 

5. SINK 

6. TRANSFER CABINET 

7. REGRJGERATING UNIT UNDER LOADING 
COUNTER 

8. DRAWERS UNDER COUNTER 

9. FILM BIN UNDER COUNTER 


10. DEVELOPING TANK 

11. RINSE OR ACID SHORT-STOP 

12. FIXING TANK 

13. RINSE TANK 

14. PREWASH TANK 

15. WASH TANK 

16. OVERHEAD LIGHT 

17. SAFE LIGHT OVER DEVELOPER TANK 

18. VIEWING LIGHT OVER WASH TANK 

19. TIMER ON PANEL 
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CLEANLINESS 


ft is imperative that the darkroom be maintained in a state of strict cleanliness. 
Cleanliness is, of course, imperative on general principles and is a firm naval tradi¬ 
tion. The sensitivity of films and screens to dust, dirt and chemicals gives added 
force to this. Clean the tanks thoroughly before putting fresh solutions in them. Wipe 
up spilled and spattered solutions at once. Bleep hanger clips free of residual gelatin 
and dirt because such substances absorb processing chemicals and cause stains and 
streaks on the radiographs. When mixing chemicals, avoid careless handling that 
sends clouds of dust into the air. This chemical dust settles everywhere and causes 
defects on films and screens, hi a word, good housekeeping pays dividends in the 
quality and quantity of work that can be handled and the ease with which the technician 
can do it. 

TEMPERATURE CONTROL 

The reasons for controlling processing solution temperatures within a narrow 
range have been covered. Fortunately, modem tank systems are equipped with control 
devices that provide the correct mixture of hot and cold water to maintain the proper 
processing temperatures. Chilled water is usually needed in hot weather and regular 
units are available to provide such. CAUTION: Learn the proper use of devices which 
provide for the mixing of water and the providing of chilled water. 

Occasion may arise for developing when no incoming cold water is available. The 
solutions may then be cooled by placing blocks of ice about the developing and fixing 
tanks in the rinse water tanks. Never put ice Jn the developer or fixer tanks as it will 
weaken the solutions as it melts. 

SAFE LIGHT ILLUMINATION 


Safelight illumination is another important matter since radiographic films are 
sensitive to light until after they have completely cleared in the fixer. Reliable safe- 
light lamps are an indispensable item since their function is to provide adequate light 
of a quality that is safe for handling and processing x-rays. The definite limitations of 
safelights must always be kept in mind: (1) The safelight filter must be the correct 
type for the film being processed. Not all safelight filters can be used safely with all 
types of film. (2) The Illumination provided by the safelight lamp will only be safe if 
the correct wattage bulb is used with the correct filter. (3) Safelight lamps and filters 
must be in good condition. If there are cracks in either that leak light or if the filter 
is faded through long usage or usage of an incorrect wattage bulb the safelight unit is 
worse than useless. (4) The distance from the safelight to the work surface is very In. 
portant. The standard of safety for most, safelight filters allows a minimum distance 
of 3 feet from filter to work surface. (5) The length of time that film are exposed to 
safelight illumination is an Important factor. Because x-ray film is considerable more 
sensitive to safelight illumination after exposure to intensifying screens than before 
exposure extra precautions are necessary to avoid fogging such film. 
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Safe lights in the darkroom may be tested for 
"safeness" by placing an unexposed film, partially 
covered with black paper on the loading bench and 
exposing It to the safelight for one minute for each 
foot of distance between the film and the safelight. 

The film is then processed and any fog will indi¬ 
cate that the safelight Illumination is too strong 
for that distance and that length of time. 

The safelight filter should be a standard one 
recommended by the film manufacturer and illum¬ 
ination lamps of correct wattage (usually 15 watts) 
should be used. 

DARKROOM EQUIPMENT 

Hangers: An adequate supply of each size 
should be readily available and should hang on 
supports easily reached from the work bench 
when unloading cassettes and cardboard holders. 

They should not be hung in such a way that they may damage films and intensifying 
screens if accidently knocked down. The hanger clips should be sharp-pointed and 
kept free of film debris so as to hold the film tightly. Clip points should not project 
beyond the hanger so as to scratch other films and films should not be jerked out of 
the hangers leaving debris under the clips. 

Timers: The time-temperature method of processing calls for accurate timing 
of the developing cycle. Mechanical or electrical timers are therefore a must. Sight 
developing of film should be avoided except to save an exposed film from complete 
ruin. Post a time-temperature chart in a conspicuous place and observe the solution 
temperatures at frequent intervals. 

Thermometers: Floating tank thermometers are avilable and should be used. One 
should be placed in the developer to check its temperature particularly in the morning 
since there may be some difference in the temperature of the developer and the temp¬ 
erature of the rinse water used to cool the developer. Tank thermometers are custom¬ 
arily graduated in the Fahrenheit scale. If a centigrade thermometer must be used, 
prepare a conversion table. To obtain temperature in degrees Fahrenheit, multiply 
the centigrade temperature by 9/5 (or 1.8) and then add 32. By formula: degrees F. 
equal (degrees C. x 9/5) plus 32. Note : Never add the 32 degrees before multiplying. 
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Types of Thermometers 


PROCESSING TANKS 

These are usually some type of hard rubber composition, porcelain or stainless 
steel. They should never be of a reaction type of metal nor should any other containers 
used for mixing solutions. Ordinarily the fixing tank will be larger than the developing 
tank since the film must remain in the fixer tank a longer period of time. It is neces¬ 
sary to know or to be able to determine the actual capacity of the tanks in order to in¬ 
sure solutions of proper strength. The capacity in gallons may be determined as follows: 
inside length in inches times inside width in inches times inside depth in inches equals 
the number of cubic inches in the tank. The number of cubic inches divided by the num¬ 
ber 231 (number of cubic inches in one gallon) equals the capacity of the tank in gallons. 
By formula: inside L x W x D in inches -j- 231; capacity in gallons. 

DRYERS 


These make use of dry heated air or a combination of dry heated air and a dehy¬ 
drating agent (the lastdn anhydrator) to speed the drying of film. The temperature is 
usually satisfactory and trouble is not apt to develop unless the exhaust fan fails or the 
ventilating outlet is blocked. Dryers should have the dust cleaned from the heating ele¬ 
ment and the fan blades periodically, hi addition the motor usually needs an occasional 
oiling. 
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FILM BIN 



Film bins are usually pull-out affairs 
hinged at the bottom and divided into the 
proper sized compartments to hold open boxes 
of film used to load the cassettes and card¬ 
board holders. They must be light proof and 
lead-lined. They are best mounted somewhere 
under the loading bench for easy access and 
the front of the bin should be clearly stenciled: 

"X-ray Film" - "Do Not Open In The Light" 


LOADING BENCH 


Should be long enough and deep enough to 
handle whatever loading and unloading of cas¬ 
settes and cardboard holders is required. It 
should be located in such a way that solutions 
cannot be easily splattered onto the bench during 
the processing of film. Chemicals, etc. should always be kept away from the loading 
bench to prevent the ruining of intensifying screens and film. 


Film Bin 


STORAGE SPACE 

There should be adequate storage space in the form of shelves, bins and drawers 
as needed for holding cassettes, cardboard holders, unopened boxies of film, glass¬ 
ware, etc. 


TRANSFER CABINET 


A two-way, lead-lined cabinet, one side 
for cassettes, etc. containing exposed film 
and the other side for cassettes, etc. contain¬ 
ing unexposed film, should extend from one 
end of the loading bench through the wall into 
the adjoining radiographic room for conven¬ 
ience and efficiency in passing cassettes, etc. 
back and forth between the darkroom and the 
radiographic room. It should have a mechan¬ 
ical means of preventing the doors from being 
opened from the darkroom end and the radio- 
graphic room end at the same time. Other¬ 
wise a bad leakage of light or x-ray or both 
may occur with resultant "lightstruck" and 
fogged film. 



Transfer Cabinet 
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VENTILATION 


One or more windows in the darkroom is desirable so that a periodic airing may be 
accomplished. However, the windows must be closed and blacked out most of the time, 
hence some other method of ventilation should be provided. This may be accomplished 
in various ways. 

MAZE 

A maze should always be provided. Otherwise, access to the darkroom is usually 
inconvenient to all concerned and at times most difficult. If the maze is provided with 
a sliding partition instead of a fixed wall, convenient access for installation or removal 
of bulky equipment is assured. 

SYSTEM 

A definite system should be maintained in the darkroom for the handling of film 
holders and cassettes. A good plan is to always place cassettes and holders face down 
on the workbench when they contain exposed film to be processed. When they have been 
reloaded and contain unexposed film they should be placed immediately into the transfer 
cabinet. If this cannot be done at the moment, they should then be turned face up on the 
workbench without fail. This will prevent the processing of unexposed film and prevent 
double exposures due to careless handling of cassettes and film holders in the darkroom. 

If it is unavoidable that cassettes and holders must be unloaded and reloaded for use 
by the radiographic rooms without time to process the exposed film, place the films in 
the "film bin" in front of the other film and minus the black paper. They may then be 
easily identified when time is available to process them and they have been kept protec¬ 
ted from light and x-rays. 






HANDLING AND STORING X-RAY FILM 


X-ray film has been previously described as consisting of a special emulsion 
coated on both sides of a transparent, blue-tinted cellulose acetate base. If you could 
examine a sheet of film in cross section at high magnification you would see; (1) At 
the center of optically clear support for the emulsion; (2) Both sides of this base coated 
with a gelatin emulsion; (3) Over this a very transparent, thin layer of clear gelatin to 
protect the emulsion. Screen-sensitive film (film sensitive to the light of intensifying 
screens) has one type of emulsion, non-screen film (film sensitive to direct x-ray ex¬ 
posure) has a thicker emulsion. 

Since this film is very sensitive it iB necessary 
to use great care in the handling and storage. Being 
sensitive to x-radiation and, since x-radiation is 
highly penetrating, film must be stored at a safe 
distance from x-ray exposure or protected by lead. 

H a film bln is not available in the darkroom, film 
in boxes opened for loading of cassettes and hold¬ 
ers may be kept in a lead-lined film box that is 
light-tight. Heat and moisture have a very adverse 
effect on the film so it should be stored in a cool, 
dry place and never placed near radiators or 
steam lines. Many chemicals such as formalin 
vapor, hydrogen sulphide, ammonia, hydrogen 
peroxide, illuminating gas, etc. will Injure or 
fogx -ray film therefore they should never be stored 
in drug rooms or near chemical laboratories. If 
the rules of strict cleanliness in the darkroom are 
not observed or the film is handled carelessly the 
result will be creases, crimp marks, buckling, 
tears, scratches, static electricity marks, dirt 
streaks, solution streaks, finger marks, fogging 
and various other forms of damage to the film 
either before or after it has been exposed. 

CASSETTES. INTENSIFYING SCREENS & CARDBOARD HOLDERS 

Cassettes are hinged containers of suitable size to hold the x-ray film having a 
bakelite front, a metal back and metal edges. The back of the cassette has from one to 
three locking bars on the outside and, on the inside a thin sheet of lead (except for 
cassettes used for phototiming in which case the back as a whole is aluminum) covered 
with a layer of felt. The cassettes are substantially made and stand up well under stren¬ 
uous use. However, in time, damage and deterioration may occur. The most common 
troubles are as follows: 







Schematic diagram of a cross 
section of x-ray film greatly 
magnified. (1) Cellulose der¬ 
ivative base or support. (2) 
Emulsion of silver halide in 
gelatin. (3) Thin transparent 
layer of gelatin. 
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1. Warped or dented fronts: this is apt to 
cause areas of poor contact between the intensi¬ 
fying screens and the film resulting in blurring 
of image detail on the film. To test for poor 
screen-film contact place a section of fine gal¬ 
vanized wire mesh on the loaded cassette being 
certain the mesh is touching the front of the cas¬ 
sette at all points. Make an exposure using short 
time, long target-film distance and small focal 
spot. After processing the film examine 
the image of the wire mesh for areas of 
fuzziness. If they are present it may in¬ 
dicate areas of poor screen-film contact. 

Such cassettes usually need replacement. 

However, careful padding between the 
screen and the front or back of the cas¬ 
sette may remedy the trouble temporar- 

iiy. 

Opening a box of Kodak Blue Brand Medi- 

2. Worn felt: this results in light call X-ray Film. Left, remove the lid 

leaks. If such occurs replace the felt. from the box and bend down the scored 

flap. Tear the hermetically sealed wrap- 

3. Cracked frame, broken hinges, ping at the center and strip it toward one 

etc. : obviously the cassette is apt to side of the box; repeat for the other half, 

disintegrate, permit light leakage or Center, pull off the black paper cap. 

poor contact. Replacement is in order. Right, withdraw both cardboard stiffeners 

to permit easy removal of the first few 

4. Radiopaque substances on the cas- films. 
sette: the result of this will be defects in 

the image on the exposed and processed film since such radiopaque areas will stop 
x-radiation wholly or in part during the exposure. Simple inspection will usually de¬ 
tect this. However, when necessary, radiopaque substances on the cassette front may 
be tested for by an exposure of the cassette containing a film still wrapped in its black 
paper. Any defect now on the processed film is not due to the intensifying screens 
being faulty, since faulty or not, the film was not exposed to the light of the screens, 
only x-radiation. 

Intensifying screens consist of a sheet of cardboard of suitable size to properly fit 
the various sized cassettes and are covered with a fluorescent chemical which emits a 
blue-white light upon being exposed to x-rays. Over the coating of fluorescent chemi¬ 
cal there is a layer of a transparent, water-proof substance which protect the screen 
from damage. Intensifying screens are available for each size of cassette in sets of 
two; one screen to be attached to the inside back of the cassette by the use of an ad¬ 
hesive and one screen to be attached in the same manner to the inside of the cassette 
front. Intensifying screens are available in three speeds (the amount of light emitted 




c 


Digitized by 


382 


Original from 

UNIVERSITY OF MICHIGAN 




for a given exposure), slow speed, medium and fast. Seldom is any but the medium 
speed screen used in the navy since it combines a satisfactory balance of speed and 
detail. Screen film, being sensitive to the blue-white light of intensifying screens is 
loaded into the cassette and the function of the screens is to expose the film. Since 
the screen film is by far more sensitive to light than to x-rays, this allows us to cut 
back on the radiation to the patient and shorten the time of exposure. 



Diagram showing how poor contact between the film and screens allows 
fluorescent light from the crystal to spread and produce unsharpness 
in the image. The radiographs of a bone specimen and wire mesh, dem¬ 
onstrate the unsharpness caused by poor contact (left), and the superior 
sharpness produced by good contact of film and screens (right). 


Although intensifying screens have a protective coating over the fluorescent chemi¬ 
cal this coating is very fragile and very readily ruined by processing chemicals. Scars 
and stains on the screens mar the radiograph since scarring allow the fluorescent 
chemical to spill out of the screen and stains usually opaque to the light emitted by the 
screen will not allow the proper amount of light from the screen to reach the film in 
that small area. Ordinary soiling may be cleansed by washing the screen with a neutral 
soap such as castile. A damp cotton pledgei moistened with suds is used followed imme¬ 
diately by another pledget moistened with clean water as often as necessary and the cas¬ 
sette is then left open to air dry. Do not use dry cotton to dry the screens after washing 
since lint will be left behind and this will cause marks on the film since it is opaque to 
the light from the screens. Never use alcohol, acetone, ether, carbon tetrachloride, 
etc. to clean the screens unless the manulaciurf r explicitly recommends such. 



Diagram illustrating effect of size of calcium tungstate 
crystals in intensifying screen. Left: Large crystal 
tends to decrease image sharpness. Right: Smaller 
crystal produces less unsharpness. 
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GENERAL PRECAUTIONS: 


1. Do not leave cassettes open as screen damage may result. 

2. Be sure hands are dry and free of processing chemicals when handling cassettes. 

3. Do not dig at films when unloading cassettes with pens, pencils, fingernails, 
etc. This will soon damage or loosen screens. 

4. Be certain screens are always well secured in the cassettes. Otherwise the 
humiliating and expensive accident of processing a screen may occur. Loose screens 
may also fall on the deck and be damaged. 

5. Periodic use of a camel hair brush on the screens will prevent white spots on 
the film due to lint, dust, bits of paper, etc. on the screens. 

6. Damaged screens should, of course, be replaced as soon as possible. 
CARDBOARD FILM HOLDERS 


The cardboard film holder consists of two pieces of cardboard attached at the top 
and hinged, with a metal clip at the bottom or open end for keeping it closed during use. 
It contains a light-tight envelope to enclose the film when it is loaded and the back is 
lined with a thin sheet of lead foil. This holder was designed for using non-screen or 
direct exposure film although it may be used with screen film provided there is a great 
increase in the exposure technique. The cardboard holder is useful when taking radio¬ 
graphs of extremities. When the cardboard holder is loaded with film the individual 
sheet of paper that is around the film when it is removed from the film box is not re¬ 
moved since there are no screens in a cardboard holder and since this paper offers 
added protection from exposure to light. 



Method of loading a Kodak X-ray 
film Exposure Holder: A. Re¬ 
move the film in its paper folder 
from the box with the right hand 
and hold it vertically over the 
opened holder. B. Grasp the 
film and paper at the lower cen¬ 
ter margin with the left hand 
and, without bending or crimp¬ 
ing, lay them in the envelope. 

C. Next, fold the large top flap 
into place; then the side flaps 
and lastly, the end flap of the 
envelope. D. Lower the back 
of the holder and latch it. 
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DEVELOPER EXHAUSTION AND REPLENISHMENT 


It Is advisable to keep a quantity of fresh developer on hand to use as a replen- 
isher. This replenisher is added to the developer tank as the level of the developer 
falls due to use. Never add water to the developer or more chemicals to keep the 
level up or to strengthen or "spike" it. 

Developer naturally loses strength with use and age and should be kept covered at 
all times when not In use to prevent oxidation. In most laboratories it will be found 
most convenient to replace the developer and fixer weekly. Regardless of the amount 
of work, developer kept in a processing tank should be replaced every few weeks due 
to the accumulation of sludge, chemical impurities, etc. Since adding replenisher 
solution from time to time does not completely compensate for loss of strength the 
developing time is lengthened as indicated. A fter the processing of one hundred 14 x 
17 film or the equivalent the regular processing time is increased by one minute. 
After another fifty the processing time is again increased by one minute and an in¬ 
crease of one minute is made in developing time for each fifty 14 x 17 film or its 
equivalent until a maximum increase of 50% in developing time is reached at which 
time the developer is to be discarded. 

3 - 8 x 10 equals 1 - 14 x 17 2 - 10 x 12 equals 1 - 14 x 27 

1 - 11 x 14 plus 1 - 8 x 10 equals 1 - 14 x 17. 


THE TIME-TEMPERATURE CHART 


The developing time of 5 minutes at 68°F. for regular screen film is the same as 
for many commercial developers. This time must be varied for different temperatures 
and a time temperature chart should be posted in every darkroom. 


SIGHT DEVELOPING SHOULD BE AVOIDED I 


Digitized by Google 


385 


Original from 

UNIVERSITY OF MICHIGAN 



TIME IN MINUTES 


TIME-TEMPERATURE DEVELOPING CHART 


{ 



75°F 70°F 68°F 65*F 60*F 

TEMPERATURE 


( 
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SUMMARY OF PROCESSING PROCEDURE 


Upon entering the darkroom In the morning to commence the day's work certain 
things must be done to put the darkroom In a state of readiness. The water must be 
turned on In the processing tanks and checked to see that it is the correct temperature 
to cool the developer and finer to 68°F. K possible before any film is processed the 
developer and fixer must be uncovered and stirred with large paddles to be sure they 
will cool evenly and be the same temperature throughout. A separate paddle for each 
solution is a must, they should be clearly marked and must never be Interchanged. 
The interval timer should be wound and checked for proper functioning. The pass- 
boxes (transfer cabinets) must be checked to be sure they contain an adequate number 
of all sizes of cassettes that will be needed. Other cassettes and cardboard holders 
should be checked if needed to be sure they are loaded. Any film in the dryer from 
the previous days work should be unloaded from the dryer, removed from the hangers, 
the corners trimmed and taken to the sorting room. A large trash receptacle should 
be available and empty. When all is in readiness and the first exposed cassettes are 
received in the passboxes the days work may begin. 


DEVELOPING 


The last thing before extinguishing all lights except the safelight(s) should be a 
temperature check of the developer in order that the time-temperature and exhaustion 
charts may be referred to while the lights are still on to determine the correct develop¬ 
ing time. After extinguishing the lights and removing the exposed cassettes from the 
correct side of the passbox(s) they are placed face down on the work bench and unloaded. 
The film is now mounted on a hanger of correct size being certain that it does not bulge. 
This is done one film at a time. When all film have been placed on hangers they are 
immersed in the developer, agitated up and down a few times and left hanging, being 
certain that none of the films are touching one another. The timer is set and started. 
During the time these film are developing the empty cassettes on the work bench are 
reloaded with fresh film. 

RINSING 

When the timer rings indicating the completion of development, the hangers are 
lifted out of the developer, the film allowed to drain for a very few seconds, and they 
are immersed in the rinse water where they are moved up and down several times. 

This will remove most of the developer. 

SHORT STOP 

H a short stop is used there is need for only very little rinsing in order to prolong 
the life of the short stop. After rinsing immerse the hangers and film in the short stop 
and again agitate up and down to uniformly and quickly stop the action of the developer. 
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Steps in loading a Kodak X-ray Processing 
Hanger, No. 3A: 

A. Attach left clip of inverted hanger to film. 

B. Attach right clip to film. 

C. Reverse hanger and attach left clip to film. 

D. Attach right clip to film. 

E. Check to be sure film is taut. 


j 


FIXING 


After removal of the hangers and film from the rinse or short stop, as the case 
may be, they are placed in the fixer solution where thay are allowed to remain a mini¬ 
mum oi 15 minutes for fresh fixer. It is here that the clearing of the undeveloped 
emulsion and the hardening of the remaining emulsion takes place. It is here also 
that the action of the developer is completely stopped if no short stop is used. Until 
the films have been completely cleared by the fixer solution, they should never be ex¬ 
posed to any light other than the safelight. After clearing has taken place illumination 
need not be restricted to the safelight. 


WASHING 


There may or may not be an additional rinse tank following the fixer solution. 

If so rinsing is the same here as following the developer solution. Washing is carried 
out for a minimum of 30 minutes in water running at the rate of four tank changes per 
hour. Shorter washing time may be used if the rate of water flow is faster. If the 
double wash tank system is used the film need remain in each tank only 15 minutes. 
Here it is important that the hangers as well as the film be completely immersed 
since there will probably be developer and/or fixer clinging to the top of the hangers 
which will drip down onto the film after removal from the wash and during drying. 
This will cause objectionable solution streaks on the finished radiographs. 
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PRYING 


Upon removal of the hangers and film from the wash at the proper time they should 
be allowed to drain well before placing them in the dryer. Depending on the dryer ar¬ 
rangement, the film should be loaded in such a way that wet film do not drip on film 
that has partially or wholly dried. Wet film should always be placed furthest from the 
fan to avoid blowing water from wet to drier film. It is always a good idea if work 
load and space permit to alternate film sizes so that small films are next to large, etc. 
This will help prevent any films from coming into contact with one another during the 
drying period. This is of great importance since films readily stick to one another when 
either wet or partially dried and, if they fully dry while stuck together, they cannot be 
separated. In the event a dryer is not available, the film may be hung to dry in any 
convenient place avoiding the work bench area, dust, direct sunlight, areas where traf¬ 
fic is heavy, abundant chemical fumes and areas where dripping water may cause dam¬ 
age. Films should not be considered completely dry until the areas of the films under the 
hanger clips are completely dry. Removal of the films from the hangers too soon will 
result in water spots and streaks due to softened emulsion and the film will stick to¬ 
gether. 


COMPLETION OF THE PROCESSING CYCLE 


When the films have completely dried, the dryer is unloaded and the film is re¬ 
moved from the hangers. This is done by releasing the pressure on the individual hang¬ 
er clips and not by jerking the films from the hangers thereby leaving pieces of film 
under the clips to cause future trouble. After removal from the hangers, the films 
are stacked according to size and the corners trimmed on a few films at a time. This 
may be accomplished by the use of a comer cutter or, if one is not available, a pair of 
scissors may be used although it is much slower. Cutting off the comers of the films 
facilitates handling of the films from this point on. The films are taken to the sorting 
area where they are put with the proper jackets and the processing cycle is completed. 


COMMON CAUSES OF FILM FOG 

1. Light leaks. 

2. Stray radiation. 

3. Wrong safelight filter of bulb too bright. 

4. Faded filter (usually due to bulb too hot). 

5. Overdevelopment or prolonged development in old developer. 

6. Sight developing. (Streaks of varying density). 

7. Cantaminated developer. 

8. Storage of film in warm area or storage of film lying down. Always store film 
in boxes on edge. 

9. Crowding of film in the fixer tank. 
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10. Using out-dated film. 

11. Exposing radiographs to light before they have been in the fixer long enough 
to clear. 

12. Exposure to safelight too long; also cause of hanger shadows on the film. 
NO safe light is entirely safe . 


COMMON TROUBLES 


Most darkroom trouble, upon investigation, will be found to be consequent upon 
some type of carelessness or neglect. Maqy workers fail to realize that meticulous 
cleanliness, careful work, orderly and systematic habits and an acute sense of respon¬ 
sibility are truly essential in the darkroom. It is all too easy to be slipshod, neglect 
observation of temperatures, spatter solutions, neglect rinsing, handle things roughly, 
put off replacement of solutions or mix them carelessly. All of the above lead to 
trouble. 
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DARKROOM DONTS 


DON’TS—RULES 


WHY—REASONS 


WHAT TO DO—ACTIONS 


General 


General 


General 


1. Don’t use a darkroom without ade¬ 

quate lead protection. 

2. Don’t permit the dark room to become 

too hot. About 75° F. 

3. Don’t guess at processing times. 

4. Don’t stort* large quantities of films. . 
\ Don’t keep boxes of films lying flat. . . 


Cassettes and screens 

6. Don’t permit screens to become dirty. 

7. Don’t load, unload, or leave cassettes 

near processing tanks. 

■$. Don’t leave cassettes open. 

9 . Don’t rub or scratch screen surfaces.. 

10. Don't touch screen surfaces with your 

lingers. 

Dry films 

11. Don’t bend, crease, press, or buckle 

liims. 

12. Don’t scratch films with finger nails or 

otner hard objects. 

13. Don't slide or shuffle dry films over 

fiat surface. 

14. Don’t leave film boxes uncovercu . . . . 

b. Don’t pile films on top of one another 
• k fore mounting on the hangi s. 

LDemicals and solutions 

16. Don’t use same paddle to stir devel¬ 

oper and hypo. 

17. Don’t mix developer in vessels other 

than glass, stainless steel, enamel, or 
earthenware. 

18. Don’t use scouring powder to cleanse 

the tanks. 

19. Don’t leave solutions uncovered when 



Lead protects the film from fogging and 
the technicians from X-ray exposures. 

A hot room makes the regulation of solu¬ 
tion and temperatures difficult. 

Most individuals can not estimate time 
accurately enough for darkroom re¬ 
quirements. 

Films deteriorate with age. 

Large pressure marks will develop. 


Cassettes and screens 

Dirt reduces screen sensitivity, resulting 
in spotted films. 

Drops of liquid may be splashed on the 
screens, reducing their sensitivity. 

Exposes screens to damage by dirt, 
liquids, and other objects. 

Decreases screen life by destroying pro¬ 
tective coat. 

The oil in finger prints reduces screen 
sensitivity. 

Dry films 

Black, half-moon marks may occur. 

Scratches appear as light or dark streaks 
on films. 

Films may become scratched; static elec¬ 
tricity may develop. 

Films become fogged with irregular 
markings. 

Static electricity may be developed. 


Chemicals and solutions 

Developer may become contaminated 
with hypo. 

Other materials contaminate the solutions 
and destroy their action. 

Scouring powder is difficult to remove. 
May “spot" films. 

They may become contaminated with 
dirt. Loss of water by evaporation. 


Insist upon adequate lead protection, 
usually, 1.5 mm of lead. 

Use electric Ians and outside ventilation 
if possible. 

Always use darkroom timer or clock. 


Keep a small surplus; renew' your supply 
frequently. 

Stand film boxes on end. 


Cassettes and screens 

Nash screens monthly. Follow manu¬ 
facturers directions. 

Keep loading bench far away from 
solutions. 

Keep cassettes closed w hen not in use. 

Brush screen surface lightly—use soft 
materials, such as camcl’s-hair brush. 

When exchanging screens, touch only the 
edges. 


Dry films 

Handle films carefully to keep surfaces 
flat and smooth. 

Use linger tips and not nails when han¬ 
dling film.-.. 

When films are moved, free them from all 
supporting surfaces. 

Keep film bo>es cioseu and in dark cabinet 
i when no; a. u: c. 

I When film is removed from the cassette, 
i place u or a hanger immediately. 

I 

I 

. (. !>c> i -Ca Is a nd sol u t ions 

Have one paddle for developer; another 
for hypo. 

Use glass, stainless steel, enamel, or earth¬ 
enware vessels for mixing solutions. 

Use stiff brush and water to cleanse tanks. 

Keep processing tanks covered with semi- 
tight lid when not in use. 
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DONTS—RULES 


Chemicals and solutions 

20. Don’t use solutions at beginning of the 

day’s work without stirring them. 

21. Don’t fail to agitate films for a few 

seconds when placed in the solution. 

22. Don’t remove films from solution too 

rapidly. 

23. Don’t permit developer to drop below 

the proper level. 

24. Don’t add water to developer to main¬ 

tain proper level. 

25. Don’t ever put a film in the developer 

after it has been in hypo. 

26. Don’t crowd films in the developing 

tank. 

27. Don’t transfer films directly from 

developer to hypo without rinsing 
in water. 


Fixing 

28. Don’t allow hypo to drop below proper 

level. 

29. Don’t add water to hypo to maintain 

proper level. 

30. Don’t attempt to clear films in ex¬ 

hausted hypo. 

Washing 

51. Don’t guess at washing times. 

32. Don’t allow w'ash water level to be¬ 

come too low. 

33. Don’t use wash water below 50° F. . . 

34. Don’t use wash water above 80° F. . . 


Handling wet films 

35. Don’t lay wet films on flat surfaces. . . 


Dryring 

36. Don’t dry films at too high tempera¬ 

ture. 

37. Don’t crowd films in the dryer. 


WHY—REASONS 


Cbemicah and solutions 

Solid chemicals may collect on bottom of 
the tank. Solutions become stratified. 

Formation of air bubbles is prevented 
and new solution is brought to the 
emulsion surface. 

Excess solution is carried away from the 
tank. 

Portions of the film surface may be ex¬ 
posed above the developer. 

Developer will become diluted and there¬ 
fore slower in its action on the films. 

Hypo destroys alkalinity of the developer. 

Films may rub together and become stuck. 

Excess developer on the film surface will 
be carried to the hypo. 


Fixing 

Portions of the film may not be “fixed.” 

Hypo becomes diluted. 

Films may become brown on aging. 


Washing 

Incomplete washing may occur, or emul¬ 
sion may be softened and frilled. 

Tops of hangers may not be cleansed. 

Films become streaked with hypo. 
Washing time is increased at the low 
temperatures. 

Frilling of film emulsion may occur. 


Handling u et films 

Emulsion may stick to the surface and be 
removed from film base. 


Drying 

Rapid drying may result in uneven drying, 
with warping. 

Films may become stuck together. Inade¬ 
quate circulation of air. 


WHAT TO DO—ACTIONS 


Chemicals and solutions 

Develop a habit of stirring solutions w hen 
they have not been used for a few hours. 

Move films slowly up and down and back 
and forth without exposing any part 
to air. 

Use 5 seconds in removing the film. Allow 
5 seconds for draining. 

Check level frequently. Add developer to 
maintain proper level. 

Keep a bottle of developer nearby with 
which to replenish. 

Keep well in mind the relative positions of 
the developer and the hypo tanks. 

Allow at least 1 inch of space between 
films. 

Always rinse films in water before putting 
them into the hypo. 


Fixing 

Add hypo if necessary. Keep tank cov¬ 
ered when not in use to prevent 
evaporation. 

Add hypo, not water. 

Use new' hypo. 


Washing 

Fifteen minutes in water changing at 
rate of eight tanks per hour. 

Keep entire film and hanger below surface 
of the wash water. 

Maintain wash water temperature above 

50° F. 

Maintain wash water temperature 
below 80 ° F. 

Handling wet films 

Make the processing procedure con¬ 
tinuous until films are dry. 

Drying 

Keep dryer temperature between 75° and 
90° F.; relative humidity between 15 
and 40 percent. 

If possible, leave one-half of the spaces 
unoccupied. 
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CHAPTER VH 


PHOTOFLUOROGRAPHY FUNDAMENTAL PRINCIPLES 

How the X-ray Picture is Formed 

Basic Operating Factors and their Automatic Control 

Protection from X-rays 

In principle, modern photoflunrographic equipment differs only slightly from the 
conventional X-ray machine. In both, an X-ray tube generates a current of X-rays 
and directs them through the body of a subject undergoing examination. The essential 
difference, however, lies in the method of recording the image formed alien the X-rays 
penetrate the subject's bocty. 

How the X-ray Picture is Formed 

X-ray tubes contain two principal elements: (1) the cathode, a wire filament which 
serves as a source of electrons when heated, and (2) the anode, a metal target which 
attracts the filament electrons when it is connected to a high voltage. X-rays are gen¬ 
erated when the target, or anode, is bombarded by filament electrons. 

hi operation, these penetrating X-rays (invisible to the naked eye) are partially ab- 
sobed as they pass through the subject's chest. When a photographic film is placed 
directly next to the subject on the side opposite the X-ray tube and an exposure is made, 
X-rays pass through the chest, and act upon the film which is then developed into the 
usual X-ray negative picture. Because some parts of the body absorb X-rays more 
readily than others, the picture which is formed shows the internal structure of the pa¬ 
tient's chest. Bones, for example, absorb X-rays more than do soft tissues, and there¬ 
fore appear as lighter areas on the negative film. Cavities, on the other hand, show up 
as dark areas. 

A physician or X-ray diagnostician can determine from the X-ray picture a great 
deal about the position, structure, and condition of the organs in the chest and, in par¬ 
ticular, can very often detect tuberculosis when it is present. This is the usual method 
of direct X-ray radiography and requires films as large as the chest. Photofluorograph- 
ic (P-F) units are equipped to take such large pictures, but under normal procedures, 
these large pictures are taken only as a follow-up in suspicious cases discovered 
through the speedier and less expensive photofluorographlc technique described below. 

In photofluorography, a fluorescent screen instead of an X-ray film, is placed neat 
to the patient’s chest. The X-rays passing ghrough the chest cause the fluorescent 
screen to light up find form an image of the internal structure of the chest. This image, 
however, is positive; for example, bones which absorb the X-rays show up as shadows, 
(instead of light areas as on the negative). The image is then photographed by a camera 
to obtain a miniature X-ray photograph similar to the large picture obtained In direct 
radiography. 
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A light-tight hood encloses both the fluorescent screen and the camera lens to pre¬ 
vent outside light from entering the camera. The present-day P-F unit is so con¬ 
structed that once the patient is properly positioned, a button is pressed, the correct 
exposure is made, and the film is automatically advanced and readied for the next pic¬ 
ture. Under very favorable conditions, an operator can take as many as 180 pictures 
an hour. Under normal operations, however, the number of pictures taken will vary 
from 50 to 100 an hour, depending upon the arrangements for moving subjects to and 
from the unit. 

Basic Operating Factors and Their Automatic Control 

In a given P-F unit there are five major variable factors which determine the 
density of the final miniature X-ray negative. There are: (1) the KV setting, (2) the 
MA setting, (3) the thickness of the subject's chest, (4) the length of exposure, and 
(5) the type of film. Other factors, such as type of X-ray tube, fluorescent screen, 
and camera, and distance of tube to screen and screen to camera are usually fixed 
for the given installation. Of the variable factors, the KV and MA settings are usually 
prescribed for the machine in use, type of process (whether photofluorograpby or ra¬ 
diography), and type of subjects (adults or children). 

Tube factors 

The X-ray tube voltage, usually measured in kilovolts (KV) and the cathode-to- 
anode electron flow, usually measured in milliamperes (MA), together determine the 
intensity of the X-ray radiation which is generated; the KV factor determines the qual¬ 
ity (penetrating power) and the MA factor the amount of radiation of the given quality. 
The higher the KV, the greater the speed of the electrons striking the target and the 
more penetrating the X-rays generated. The higher the cathode-anode current (MA set¬ 
ting), the greater the number of electrons hitting the target, and accordingly, the 
greater the quantity of X-rays of the given penetrating power generated. 



Figure 1. Mat tern “ Fluor-X-Ray'* /portable unit. 
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Modem P-F units provide for X-ray tube voltages up to 100 KV and cathode- 
anode currents up to 200 MA. The high voltage for the anode is obtained by a step-up 
transformer connected to the line voltage (usually about 220 volts) and is adjustable in 
steps up to the maximum of 100 KV. The anode-cathode current is determined by the 
temperature of the filament and can usually be regulated up to a maximum of 200 MA. 

It is important to note that the bombardment of the anode target in the X-ray tube 
generates heat as well as X-rays in the area where the high-speed electrons strike. If 
exposures are prolonged or excessively frequent, the heat developed will be sufficient 
to damage the target, hi photofluorography, much greater X-ray intensities are needed 
(about 18 times greater) than in direct radiography, so that the problem of over-heating 
is particularly acute. Air and oil cooling systems are therefore used for X-ray tubes 
designed for photofluorography. 

X-ray tubes used in photofluorography generally employ a rotating anode so that the 
high-speed electrons strike the target in different areas. This helps to lessen the danger 
of overheating of the anode, and helps to reduce the danger of anode damage or destruc¬ 
tion. X-ray tubes with rotating anodes incorporate a starting motor which spins the 


anode target before the high voltage is impressed across the tube. A starter mechanism 
is used which delays the actual exposure until the rotating anode has reached full speed. 
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The majority of X-ray tubes have two focal spots, hi some tubes both focal spots 
are for high power, while In others, the larger focus is used for high-power photofluor- 
ography and the small one for low-power direct radiography. 

Exposure factors 

In order to obtain a series of pictures of average uniform density after the KV and 
MA values have been set, it is necessary to adjust exposure time, increasing it for 
broad, heavy-set subjects with wide chests and reducing it for frail, thin subjects. 

The Morgan-Hodges phototimer which is an important feature of the modern P-F unit 
automatically gives the proper exposure time, so that the pictures of different subjects 
are photographed at a uniform average film density. The phototimer lens which is lo¬ 
cated in the light-tight hood, scans a portion of the fluoroscopic image during the ex¬ 
posure and collects the light in a phototube. This light activates the phototube, creat¬ 
ing a current which charges a condenser. When the charge reaches a certain value a 
discharge takes place across a thyraton tube, opening a relay across the X-ray gener¬ 
ator power line and terminating the exposure. Exposure time is automatically adjusted 
for the brilliance of the fluorescent image since a brighter image activates the photo¬ 
tube more intensely, thus sending a greater current to the condenser and charging it 
more rapidly; in consequence, the exposure is terminated in a shorter time. 

The modern, automatic P-F unit contains a safety-time-limit switch (usually 
set at 1.0 second) to end the exposure if the automatic phototimer fails. 

The majority of modem P-F units include warning devices or automatic switch¬ 
es to prevent exposure in the event the camera is out of film or is not functioning prop¬ 
erly, or, if an identification card has not been inserted in the photo-identifier. 

Protection from X-rays 

As has been noted, the intensity of radiation required for a miniature chest film is 
on the average 18 times greater than for direct X-ray films. Furthermore, the number 
of exposures in an operating day is vastly greater in photofluorography than in direct 
radiography. Consequently, it is imperative that all persons in the neighborhood of the 
photofluorographic machine be protected not only against excessive exposure to the 
direct X-ray beams coming from the tube (the primary rays) but also against scattered 
radiation (secondaiy rays) originating from the patient and from other objects in the path 
of the prlmaiy rays. The final chapter in this section contains a fuller discussion of the 
problems of radiation hazards and outlines precautions which the P-F operator must 
take for his own protection as well as the safety of others. 

Note : Research now being undertaken by manufacturers in camera design and in film 
emulsion, is expected to reduce the exposure factor from the present 18 to 1 ratio, to 
a factor which will be considerably less. 
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PHOTOFLUOROGRAPHIC UNITS AND THEIR PRINCIPAL COMPONENTS 


Photofluorographic Stand X-ray Generating system 
Photographic System 

Although photofluorographic equipment is manufactured fay several companies, all 
operate on*the same fundamental principles and have essentially the same principal com¬ 
ponents. They may, however, vary in detailed design and construction. The units 
usually come packed in standard cases which contain instructions for their assembly. 

Photofluorographic units incorporate the following principal components in 
addition to protective screens: 


Photofluorographic stand X-ray Generating System Photographic System 


Tube support 
Hood and camera support 
Interconnecting members 
Lifting mechanism 
Stereo shift mechanism 
(optional) 


Control stand 
X-ray tube and cone, or 
diaphragm 
Transformer 
Rectifier 

Interconnecting cables 


Grid 

Fluorescent screen 
Hood 

Phototimer 

Identifying system 
Camera 


Photofluorographic Stand 


The photofluorographic stand includes the structure for supporting the X-ray tube on 
one side and the photographic system (hood, fluorescent screen, camera, etc.) on the 
other. The patient is positioned with his chest against the hood. On most units, the 
X-ray tube and the hood are on separate columns and are interconnected by a ramp or 
tubing; on one type of unit the tube and hood are mounted on opposite ends of a cross¬ 
beam which is supported by a single central column. All units include a mechanism 
for moving the X-ray tube and hood up or down simultaneously to adjust for the patient's 
height. This liftin g mechanism may be motor driven or manually operated by a hand 
crank or both. 


The distance between the tube and the hood is usually adjustable in 2 or 3 positions. 
The near positions are for photofluorography (miniature pictures) while the far positions 
are for direct radiography (14" x 17" film). 

Occasionally, a P-F unit will be equipped with a mechanism for taking a pair of 
steroscopic pictures. Such X-ray pictures are taken by making the customary exposure 
and then shifting the X-ray tube a short distance vertically to a new position for a second 
picture of the same subject. 
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X-ray Generating System 


The X-ray generating system Includes the following major sub-assemblies; the con¬ 
trol stand; the transformer for stepping up the line voltage to the high voltage needed to 
produce X-rays; the rectifier for changing high voltage alternating current to direct cur 
rent; and the X-ray tube and cone (or diaphragm). When the motor-driven 70 mm. cam¬ 
era and automatic phototimer are used, they are connected to the electrical system and 
operate lndicatlng^amps located on the control stand. The major components and aux¬ 
iliary devices are connected to one another and to the central panel try special cables, 
with high voltage cables connecting the transformer-rectifier combination to the X-ray 
tube. 

Control stand 


The control stand Includes meters and switches not only for setting the X-ray tube 
voltage (KV) and the cathode-anode current (MA), but also for calibrating the system to 
adjust for the actual voltage of the power supply (above or below 220) for the power¬ 
line drop. Once the unit is calibrated, exposures are made after the KV and MA 
values are properly set. When initiated by the operator, the exposure is either termin¬ 
ated automatically fay the phototimer or by an adjustable timer installed in or connected 
to the control stand. 

X-ray tube 

The X-ray tube is completely surrounded by a lead shield, except for a window 
through which the X-rays are transmitted. A cone or diaphragm is attached at this win¬ 
dow which is aimed at the hood. As has been noted, some tubes have a large and small 
focal spot; in these, the large focus is used for photofluorography and the small one for 
direct radiography. 

Photographic System 

The photographic system is mounted on the hood. At the front is the grid and fluor¬ 
escent screen, and at the rear, the camera. The phototimer equipment is attached to the 
upper or lower part of the hood so that a lens-photoelectric cell combination can scan a 
portion of the fluorescent screen. An identification system of some type is also incorpor¬ 
ated, utilizing either lead numbers or standardized identification cards, or both; these 
are photographed as part of the X-ray picture itself. 

Grid 

The grid is at the front of the hood, before the fluorescent screen, so that it is lo¬ 
cated between the patient and the screen. K is designed to prevent secondaiy X-rays 
from reaching the screen and diffusing the fluorescent image, and is made up of alter¬ 
nate strips of lead and paper placed on edge. The lead strips Intercept most of the 
secondary rays and allow only the primary rays to reach the screen. 
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Figure 4. General Electric "Photoroentgen. 99 

Fluorescent screen 


The fluorescent screen is located directly behind the grid. Two types of screens 
are used; one type emits yellow-green light when irradiated and is used with film sensi¬ 
tive to green light; the other emits blue light and is used with a blue-sensitive film. 
When exposed to daylight or intense X-rays (without a patient or lead sheet blocking the 
direct radiation) certain blue screens will phosphoresce (glow) persistently for some 
time after exposure. Care should be taken to avoid such exposure, since phosphores¬ 
cence, if sufficiently intense, will interfere with the clarity of the X-ray picture and 
disturb phototiming. 

Camera 


The camera most popularly employed in mass chest X-ray surveys is the 70 mm. 
Fairchild Fluoro-Record camera described in appendix A. This camera is equipped 
with an f/1.5 lens, operates at high speed, and is motor driven. Operating power and 
control impulses are taken from the X-ray electrical system. An automatic mechanism 
advances the film one frame after each exposure. The camera does not use a shutter, 
since its lens is enclosed in the light-tight hood; the only light which enters the camera 
is therefore that emitted by the fluorescent X-ray image on the screen when an exposure 
is made. The 100-foot roll of film usually employed for this camera gives from 350 to 
400 pictures. 


t 

V 

f 


L 


With some types of P-F equipment, 35-mm. or 4" x 5 n cameras may be used as well 
as the 70-mm. camera. The 35-mm. camera takes about 700 X-ray pictures on a 100- 
foot roll of film, while the 4 n x 5 M camera, often used in hospital work, provides a pic¬ 
ture intermediate in size to the 14" x 17" direct radiograph and the 70 mm. miniature 
picture and is often used to take Stereo pairs. 
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Figure 5. A -ray tube and stand, IS. A. Philips **Metalix." 



Figure 6. Fluoroscopic hood and camera—Mattern “ Fluor-X-Ray 
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Phototimer 


The phototimer is installed on the hood and wired into the X-ray generator electri¬ 
cal circuit. In some machines, it may be used for direct radiography as well as photo- 
fluorography, although in the former, it is set for higher sensitivity. In both cases, it 
must be calibrated by a few trial pictures. In photofluorography, the phototimer scans 
the fluorescent image which is actually photographed. In direct radiography, the X- 
rays act on the 14" x 17" film which is inserted in front of the fluorescent screen and 
then pass through to the screen itself, causing it to fluoresce; this in turn activates 
the phototimer. (See appendix B.) 


OPERATING THE PHOTOFLUOROGRAPHIC UNIT 

General Precautions 

General Instructions for Unit Operation 

Positioning Instructions 

In order to make possible the X-raying of large numbers of people with a minimum 
of time and effort, a great deal of research and engineering has gone into perfecting 
simple and automatic P-F equipment. The best use of this equipment, however, requires 
a well organized system of directing subjects to the machine, positioning subjects 
smoothly and easily, and efficient, practiced handling of the equipment itself. 

This chapter contains simplified instructions for the operation of photofluorographic 
units generally, and for the positioning of subjects. Since the various lypes of units 
differ somewhat in their actual operation and in their initial calibration, special in¬ 
structions for 6 different types of equipment are Included in Appendix A. 

You will find that following the unit-operating and positioning instructions in the 
step by-step order given in this chapter will permit you to operate most efficiently with 
the least amount of fatigue or error. 

General Precautions 

The operator must exercise the following general precautions at all times so as to 
avoid trouble in the flow and positioning of subjects, protect the safety of the survey 
staff, safeguard the photographic results of the survey, and facilitate repairs if there 
is a machine breakdown. 

Conduct yourself in a professional manner 

The X-ray is part of a medical examination. Hence, be clean and neat in your dress. 
Be tactful and courteous at all times, but decline to discuss the subject's health or any¬ 
thing else of a personal nature. 
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Observe safety rules at all times 


Set up the P-F unit in a room large enough to prevent the occurrence of scat¬ 
tered radiation from the walls when the machine is operating and to allow sufficient 
room to operate the machine. The room should be at least 20* x 15\ 

Connect the X-ray machine to the main power lines only after permission and in¬ 
structions have been obtained from the electrician in charge of the particular power 
system. (It is preferable to have the electrician himself connect the X-ray machine 
power leads to the switch box or junction box.) 

Remain behind the protective lead screen during exposures. See that clerks are 
either behind the protective screens or at least 15 feet behind the X-ray machine. 

Turn main switch to the OFF position before making internal adjustments or re¬ 
pairs on the X-ray machine control stand, transformer, or any part of the electricl cir¬ 
cuit. You may cause a short circuit by attempting to remove the skirts from a control 
stand with the power on. 

Before making an exposure, check to see if all high-voltage shockproof cables are 
in their respective sockets so that dangerous arc-overs will not occur. 

hi selecting a site for the X-ray's installation, avoid rooms where explosive gases 
such as gasoline vapor may be present. Jr a hospital avoid locations near anesthetic 
rooms. The arcing of the control stand relays may cause an explosion. 
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Make sure that the X-ray machine you are operating has no broken connectors or 
frayed wire cables. These may cause a short circuit necessitating expensive repairs. 

Make sure there are no cables and wires snaking across the floor. These may 
cause serious accidents. Be sure the tube does not point into an adjacent office. Pref¬ 
erably out a window towards an uninhabited area. 

Protect film from stray radiation 

Store all film out of range of X-rays. Film should be kept either behind lead screens 
or in sheet-steel containers as far away from the X-ray machine as possible. 

Identify film carefully 

Incompletely or improperly identified films are wasted exposures. See that all num¬ 
bers an identification cards are in order, that cards are completely filled out, and that 
they are properly Inserted in the identifier slot. If lead numbers are used, see that they 
agree with card numbers. 

Report equipment break-down promptly 

Give headquarters a clear report of the trouble, and, if possible, its cause. 

Guard against tube damapre 

The X-ray tube is the heart of your P-F unit. While any part of the unit may be 
damaged by improper handling and operation, the tube is particularly susceptible to 
damage. Under average survey conditions, a standard rotating-anode tube with two 
1.5 mm. spots will have a life of at least 20,000 exposures. Many have given 90- 
100,000 exposures. Improper use will shorten tube life, and in fact, may cause a 
tube break-down. 

With modern P-F equipment, patient positioning 1 b generally easy and filming rapid 
so that there is danger of X-ray tube damage when an insufficient interval is allowed by 
the operator between exposures. This danger is present even when the tube employs a 
rotating anode and a cooling system. S an excessive number of exposures is made 
(more than 3 per minute) in a short period If time, the target will be seen to glow at a 
red heat and damage becomes likely. 

The following are a few precautions which the operator must observe to safeguard 
the X-ray tube: 

1. Always allow the machine to warm up for at least 5 minutes before making expo¬ 
sures. 

2. Make certain that milliamperes, kilovolts, and time factors are safely below the 
maximum load ratings of the tube. (See appendix C.) Never operate the machine so rap¬ 
idly that the anode reaches a bright red heat. 
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3. Be sure that the anode starting motor is operating before making exposures. A 
defective motor starter may result in a punctured anode. 

4. Handle the X-ray tube gently. A sudden jolt may break the glass insert or dis¬ 
place the cathode filament shield. 

5. Never use force in removing or inserting the shockproof terminals from the 
tube. If force is needed, the cable terminal is usually defective. 

6. Do not apply full KV and MA loads to a new X-ray tube. Start at low KV and MA 
values and build up to maximum load over a series of successive exposures. 



Figure 8. Philips “Metqlijs”photoJIuorojeranhir unit. 

General Instructions for Unit Operation 

Before locating a unit, whether mobile or portable, check to see that there is an 
adequate power supply. Most P-F units are designed for operation at 220 volts and 
60 cycles of alternating current. At 100 KV-200 MA operation, such units require a 
power source that will supply up to 70 amperes of current. The control mechanism of 
the P-F unit incorporates adjustments for fluctuation of the line voltage above or be¬ 
low 220 volts. 

Power supply lines should be as short as possible and of large-size wire. The X-ray 
unit will not operate efficiently and may even be damaged if it is not connected to a proper 
supply line. In all cases, check the power requirements of the equipment and then check 
the power supply source with the building or electric company electrician. Further infor¬ 
mation which will be helpful in checking the power source is included in chapter VII of 
this manual. 

Once the equipment is properly located: 

1. Check to see that the equipment is properly connected to the required power 
supply. 

2. Turn on main switch at the fuse box and at the X-ray machine. Read meters to 
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see 11 they all give normal values. 

3. Calibrate unit according to the values of mllliamperes and kilovolts required for 
proper operation. 

4. Check phototimer setting for correct density of X-ray pictures. If not known, or 
if a new type of film is used, the proper setting of the density control must be determin¬ 
ed through a series of test exposures made at several settings. (See appendix B.) 

5. Examine camera to see if magazine is loaded with film. 

6. Determine the correct number for the first exposure and set the numbering ma¬ 
chine accordingly. 

7. Identify the X-rays to be taken by placing date, unit number, project number, 
etc., on the grid with lead numbers or on identification cards to be Inserted in the card 
slot. 

8. Check siq)plies to be sure there is sufficient film, cards, and other items for a 
day's operation. 

9. When the above procedure is completed and everything checked, telephone head¬ 
quarters; report the equipment reacty for operation and order any needed supplies, giv¬ 
ing the chief technician the nearest telephone number at which you can be reached in an 


emergency. 

10. Inform the clerk that the unit is ready for operation, and ask him to begin the 
registration of subjects to be X-rayed. The clerk will fill out the cards and give them 
to the persons to be X-rayed. 

11. Take the card from the subject, Insert it in the card identifying slot; or place 
lead numbers on the grid corresponding with the identification number on the card. 

12. Position the subject and make the exposure, following carefully the procedure 
given under positioning instructions. With equipment using rotating anodes, the X-ray 



tube is not ready for operation until a second or two after the exposure button is 


sure will not be completed if the operator's finger is removed 


from the button 







13. The exposure completed, the equipment is reaty for the next subject. Make sub¬ 

sequent exposures by changing the identification cards or lead numbers, positioning the £ 
new subject, and depressing the exposure button. » 

14. At the completion of a roll of film, mark on the film container: the starting and 
finishing numbers of the X-rays on that roll, the unit number, and the date. Indicate 
clearly that the film has been exposed. 

15. At the completion of a day's operation, turn off the main switch at the X-ray 
machine and at the fuse box. 

16. Check to see that supplies and equipment are left in good order. Put exposed 
films and cards together for delivery to headquarters. 

SACRIFICE SPEED FOR GOOD X-RAYS-COMBAT THAT MAJOR 

PROBLEM, "UNSATISFACTORY X-RAYS" 


Positioning Instructions 


The adoption of a definite technique in X-raying a subject is very important: 

1. The technique, once learned, will enable all operations to be carried on more 
smoothly. 

2. A definite technique Imposes an implicit check on operations. 

3. Following a definite technique conserves the operator's energy and reduces 
fatigue. 

hr giving directions always keep your statements concise and to the point, and so 
phrase them that the subject has a clear idea of what is wanted. 

When the subject presents himself to be X-rayed: 


SAY 


1. "Step up to the machine and face it, 

please." 

2. "Place your chin on the chin-rest, 

please." 


3. "Back of hands on hips, please." 


4. "Roll your shoulders and elbows 
forward, please." 


DO 

Discreetly guide the subject to the proper 
position at the P-F hood. 

Raise or lower the hood according to the 
subject's height. Subject's shoulders should 
be 1 inch or more below any lead number 
holders or other survey identification on 
hood. 

Grasp the subject's wrists in such a way 
that your thumbs lie along the back of his 
hip bones. 

Place your hands on the subject's should¬ 
ers, pressing them gently to the hood. Be 
especially careful and gentle in positioning 
elderly subjects. 


r 
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DO 


$£L 

1 5. "Tate a deep breath and hold It, 
please." 


6. "That Is all, thank you." 


7. "Next, please." 


Watch the subject breathe in, and when 
inspiration is complete, step quickly be¬ 
hind the protective screen and press the 
exposure button. In doing so, watch for 
any movement by the subject. Quickly shift 
your eyes to either the milliammeter or 
exposure-indicating light to see if the ex¬ 
posure Is being made. Use your sense of 
hearing as well as your eyes. Every ma¬ 
chine has sounds peculiar to itself. Learn 
to listen for them. When you don't hear 
them, you will know the machine is not 
operating properly. 

Release the push-button and immediate¬ 
ly shift your eyes to the film-advance-indi¬ 
cating light. Count the number of blinks— 
four blinks are the average. 

Wipe chin-rest with alcohol swab. 


THE 70-mm. CAMERA 

General Description - The Interlock and Signal System - Handling the Film - Load¬ 
ing the Camera - Unloading the Camera - Handling the Partial Roll of Film - Camera 
Operation During Photofluorography - Servicing - Use of Spare Magazine. 

General Description 

The Fairchild Fluoro-Record Camera, Type F-212, was developed to fill the need 
for a device which could automatically photograph X-ray Images on fluoroscopic screens 
Operating power and control impulses for this camera are taken from the X-ray genera¬ 
ting circuit with which the camera is connected electrically. 

The film used in the Fairchild camera is 70-millimeter unperforated roll film, 100 
feet long, wound on spools. The leader and the trailer portions of the film (lengths of 
opaque film stock, unsensitized, attached respectively to the beginning and end of the 
film) have special perforations along the edge which distinguish them from usable film 
and operate the "interlock" circuits. 

The camera consists of two separate major parts—the body and the magazine. The 
body contains the lens, drive motor, and most of the operating mechanism. The maga¬ 
zine contains the film with its feed and take-up spools, the film-advancing mechanism, 
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the pressure plate (which holds the film In the focal plane during exposure) and the elec¬ 
trical connections for the Interlock and signal system. 

The Interlock and Signal System 

The automatic operation of the Fairchild camera is controlled by a system of inter¬ 
locking electrical circuits which connect camera and X-ray equipment and enable them 
to function as an interdependent unit. 

Thus, no X-ray exposure can be made unless the equipment is actually ready for the 
operation. The camera must contain a roll of film (the equipment will not operate if 
there is no film—nor will it operate after the roll of film is completely exposed). The 
interlock system also prevents the X-ray exposure if the magazine and its cover are not 
firmly and properly in place. 

The camera is also equipped with signals and indicators which largely take the 
guesswork out of operation. These Include: 

1. A mechanical indicator located at the side of the magazine shows the approximate 
amount of unexposed film. If the camera stops operating, check this indicator to see 
whether the film has run out. 

2. A colored signal lamp, built into the camera at the left side, indicates the cam¬ 
era's readiness for exposure. The lamp will flash while most of the leader or trailer is 
being run off. 

3. Connections are provided for an external blinker lamp which flashes ONLY while 
film is actually in motion. By carefully noting that the blinker light flashes a given num¬ 
ber of times (the number of flashes will be 4 or 5 for 2 7/8" or 3" aperture and 3 or 4 
blinks for 2 1/2" aperture) according to film size being used, the operator can readily 
tell whether or not the correct amount of film has moved into position for the next expo¬ 
sure. This lamp is ordinarily located on the control panel or elsewhere near the opera¬ 
tor's position. An audible signal may be substituted if so desired. 

Handling the Film 

All spools of film, whether fresh or exposed, should be handled in a darkroom 
under a safelight recommended by the film manufacturer. Use a Wratten Series n 
filter in the safelight when handling blue-sensitive film. 

In an emergency, film changes can be made without a darkroom if the film has an 
opaque leader and trailer. There is risk, however, of some fogging near the edges of 
the outermost exposures. The light should be as dim as possible and the roll of film 
should be uncovered for the shortest possible length of time. As much of the leader, or 
trailer, as possible should be kept wound around the roll of film, otherwise perforation 
marks may appear, making the last 5 or 6 pictures unsatisfactory. 
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Figure 10. 77t«» 70-nim. automatic camera . 

1. Indicator light. 3. Carrying handle. 5. Film magasinr. 

2. Mounting mttwb. 4. Interconnecting cable. 6 . Magazine latch. 


Loading the Camera 

1. Remove the magazine from the camera by pressing the magazine latch release 
and lifting straight up on the magazine handle (not the camera handle). 

2. In a darkroom, under a safe light, lay the magazine on Its face, loosen the cover 
screw, and lift off the cover. 

3. Place the fresh, unexposed roll of film in the feed position, so that the film Is 
drawn from the under side of the spool. Thus, the emulsion side of the film will be 
turned toward the camera lens. 

4. Pull out the leader until about 18 Inches of film are avilable, and thread it through 
the magazine. As the leader passes the opening in the magazine face, it may be helped 
along with the fingers. Push the end of the leader between the metering and idle rollers 

Into the slot of the take-up spool; then turn the take-up spool by hand for two or three 
tujug to tighten the film upon it. 

5 . Replace the magazine cover by pressing it down on the magazine, against a slight 
spring tension, and tighten the cover screw by hand; be sure that the cover is replaced 
with the handle at the take-up end (the cover screw will not tighten otherwise.) 



6. Replace the magazine in the camera by lifting it by its handle and, allowing it to 
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hang normally, lowering It into position so that the suspension rod is engaged fay hooks 
on the main camera handle brackets; press the lower end of the magazine against the 
camera until it catches. 

Readying the Loaded Camera 

When the loaded magazine has been replaced in the camera, the leader film must 
be wound off before exposures can be made. The last 18 inches of the leader (before 
the usable film) contain special perforations which operate one of the interlocks and 
also prevent the "ready-for-exposure" Indicator from lighting tip. Run the leader through 
in the following manner: 

1. Press and hold the film-advance switch, watching the indicator lamp, which will 
blink at regular intervals while the unperforated leader passes through the camera. 

2. After a period of about 15 seconds, the perforated part of the leader will be in the 
exposure position, and the indicator will no longer flash. 

3. After a few more seconds, the flashing will resume, because of the presence of 
usable film. Release the film-advance switch two or three flashes after the interrup¬ 
tion. The camera is now ready for use. 

Unloading the Camera 

1. Press and hold film-advance switch for 15 or 20 seconds to wind the trailer 
through while the magazine is still in place. S the "film-motion blinker" light Is conven¬ 
iently visible, run the film until the light stops flashing. 

2. Press magazine latch release and lift the magazine by its handle. 

3. Li a darkroom, under a safe light, lay the magazine on its face, loosen the cover 
screw, and lift off the cover. 

4. If the trailer of the exposed film is not fully wound up, turn the full spool by hand 
while holding back the roller with the fingers, until the film is completely wound. 

5. Bring spool-bearing arm out and lift out the full (exposed) roll of film. Remove 
the empty spool and put it in the take-up position; note that the square hole in one end of 
the spool should fit over a corresponding square end on the driving shaft. 

Handling the Partial Roll of Film 

When necessary to remove a partially exposed roll of film, operate the film-advance 
switch for about 5 seconds and take the magazine to the darkroom, in darkness, using 
a safellght, take off the magazine cover, and, lifting the roller by hand, wind enough 
film on the take-up spool to be certain that the last exposure is on it. Cut the film and 
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rt move the spool containing the exposed film. Put an empty spool in the take-up posi¬ 
tion and rethread the remaining unexposed film in the usual way, removing any film 
fragments. After replacing the magazine containing the partial film roll in the camera 
(it will have no leader), hold film-advance switch for two or three flashes of the "ready- 
for-exposure" Indicator, in order to wind off film which may have been exposed to light 
through the exposure window. The camera is now ready to resume operations. 


Camera Operation During Photofluorography 


After each exposure the film is automatically advanced one frame by means of the 
electrical Interconnection between the camera and the X-ray equipment Itself. To be 
sure of proper operation of the equipment, the operator should watch the film-motion 
indicator—the "blinker" light or audible signal. This is especially important for the 
first dozen exposures of each fresh roll of film. 



Figuie 11. The Camera Magazine. 

1. Pivot for new film spool. 3. Auxiliary roller. 6. Idle roller. 

2. Driving shaft. 4. Metering roller. 7. Spool I waring arm. 

5. Pressure plate. 

Servicing 

The INDICATOR LAMP at the side of the camera may be replaced if burned out. 
The colored lens is attached by a friction-fit ring which may be easily slipped out. The 
lamp itself may then be unscrewed and removed with the finger tips. Replace with a 
good lamp and press the lens back into place. 


The FUSE is situated in a special receptacle at the upper right side of the camera 
toward the front. Failure of the equipment may be due to a blown fuse. Unscrew and 
remove the insert from the fuse receptacle and substitute a new one of tne same rating 
and type (3 Ampere-Little Fuse No. 1043 or equivalent). 
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hang normally, lowering it Into position so that tU& suspension rod is engaged by hooks 
on the main camera handle brackets; press the lo^er end of the magazine against the 
camera until it catches. 

Readying the Loaded Camera 

When the loaded magazine has been replaced in the camera, the leader film must 
be wound off before exposures can be made. The last 18 inches of the leader (before 
the usable film) contain special perforations which operate one of the interlocks and 
also prevent the "reaty-for-exposure" indicator from lighting up. Run the leader through 
in the following manner: 

1. Press and hold the film-advance switch, watching the indicator lamp, which will 
blink at regular Intervals while the unperforated leader passes through the camera. 

2. After a period of about 15 seconds, the perforated part of the leader will be in the 
exposure position, and the Indicator will no longer flash. 

3. After a few more seconds, the flashing will resume, because of the presence of 
usable film. Release the film-advance switch two or three flashes after the interrup¬ 
tion. The camera is now ready for use. 

Unloading the Camera 

1. Press and hold film-advance switch for 15 or 20 seconds to wind the trailer 
through while the magazine is still in place. S the "film-motion blinker" light is conven¬ 
iently visible, run the film until the light stops flashing. 

2. Press magazine latch release and lift the magazine by its handle. 

3. hi a darkroom, under a safe light, lay the magazine on its face, loosen the cover 
screw, and lift off the cover. 

4. If the trailer of the exposed film is not fully wound up, turn the full spool by hand 
while holding back the roller with the fingers, until the film is completely wound. 

5. Bring spool-bearing arm out and lift out the full (exposed) roll of film. Remove 
the empty spool and put it in the take-up position; note that the square hole in one end of 
the spool should fit over a corresponding square end on the driving shaft. 

Handling the Partial Roll of Film 

When necessary to remove a partially exposed roll of film, operate the film-advance 
switch for about 5 seconds and take the magazine to the darkroom. In darkness, using 
a safellght, take off the magazine cover, and, lifting the roller by hand, wind enough 
film on the take-up spool to be certain that the last exposure is on it. Cut the film and 

410 


Digitized by Google 


Original from 

UNIVERSITY OF MICHIGAN 


rt move the spool containing the exposed film. Put an empty spool In the take-up posi¬ 
tion and rethread the remaining unexposed film in the usual way, removing any film 
fragments. After replacing the magazine containing the partial film roll in the camera 
(it will have no leader), hold film-advance switch for two or three flashes of the "ready- 
for-exposure" indicator, in order to wind off film which may have been exposed to light 
through the exposure window. The camera is now ready to resume operations. 


Camera Operation During Photofluorography 


After each exposure the film is automatically advanced one frame by means of the 
electrical interconnection between the camera and the X-ray equipment itself. To be 
sure of proper operation of the equipment, the operator should watch the film-motion 
indicator—the "blinker" light or audible signal. This is especially Important for the 
first dozen exposures of each fresh roll of film. 



Figure il. The Camera Magazine. 

1. Pivot for new film spool. 3. Auxiliary roller. 6. Idle roller. 

2. Driving shaft. 4. Metering roller. 7. Spool l>earing arm. 

5. Pressure plate. 

Servicing 

The INDICATOR LAMP at the side of the camera may be replaced if burned out. 
The colored lens is attached by a friction-fit ring which may be easily slipped out. The 
lamp itself may then be unscrewed and removed with the finger tips. Replace with a 
good lamp and press the lens back into place. 


The FUSE is situated in a special receptacle at the upper right side of the camera 
toward the front. Failure of the equipment may be due to a blown fuse. Unscrew and 
remove the insert from the fuse receptacle and substitute a new one of tne same rating 
and type (3 Ampere-Little Fuse No. 1043 or equivalent). 
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The RUBBER ROLLERS over which the film passes must be kept clean at all times. j 
Wipe the rollers occasionally with a clean cloth moistened with carbon tetrachloride or g 
alcohol in order to remove dust or any other accumulation which may injure the rubber * 
or the film. 

NO OTHER SERVICING IS TO BE DONE BY THE OPERATOR. Lubrication and 
maintenance will be performed by an authorized service man at appropriate intervals 
(approximately every 65 rolls of film or 25,000 exposures) or when especially required. 

Use of Spare Magazine 

There are definite advantages in having available a spare loaded magazine. S can 
be quickly substituted for one in which the film has been fully exposed, and permits 
operations to proceed without Interruption. The change of film in the first magazine 
may then be done by an assistant or at a more convenient time. 

When it is necessary to develop and check the X-ray pictures before the subjects 
are released, make the required exposures, and proceed as outlined under "Handling 
the Partial Roll of Film." While the partial roll of film is being processed, the spare 
magazine may be used to continue survey operations. 


PROCESSING 70-mm. ROLL FILM 

Fairchild-Smith Equipment 

Stineman Equipment 

Common Causes of Film Fogging 

A full roll of exposed X-ray film is an extremely valuable record. It represents 
many hours of tedious work by the survey staff and the cooperation of approximately 
400 subjects whose X-rays are recorded on the film. It is therefore Important that the 
processing of the exposed film be done with the greatest care and precision. 

The technician most guard against exposing the film to stray light. Also, tempera¬ 
tures of solutions must be carefully controlled. For example, the developer solution 
should be kept rigidly at 68° F. during processing, for slight fluctuations will acceler¬ 
ate or retard development. When the temperature of the developer deviates from 68° F. 
correction should be made in accordance with the time-temperature charts furnished by 
the film manufacturer. The temperature of the fixing solution, the short-stop bath, and 
the water used for washing the film should be at'about the same level as that of the de¬ 
veloper, although they need not be so rigidly controlled. However, it should be noted 
that if they are too warm, the emulsion will spoil and the photographic chemicals will 
act unevenly; if they are too cold, the chemical or "washing" action will be retarded. 
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Falrchlld-Smith Equipment 


This equipment has been designed especially for processing 70-mm. roll film used 
In the Fairchild F-212 Fluoro-Record Camera. While it may be loaded and operated In 
subdued daylight under emergency conditions, it is recommended that all work be done 
In the darkroom under a Wratten Series n safelight for blue sensitive film. 

ALWAYS PROCESS GREEN-SENSITIVE FILM IN COMPLETE DARKNESS 

The following Instructions, therefore apply to darkroom operation. The processing 
technique outlined below is the one which will apply generally to most operating condi¬ 
tions. Refinements of technique may be found necessary or desirable to produce films 
of good diagnostic quality and to compensate for such factors as chemical impurities in 
the water. 

The equipment consists of a single, light-tight stainless steel tank, a developing 
reel assembly with two film spools, a motor drive unit, a washing tube, a stainless steel 
film clamp, 3 feet of rubber hose, a plastic spacing washer, and a carrying case. 





Figure 12. hiircliild-Smith equipment /nr developing 70-mm. roll Jilm. 

Loading the equipment 

The exposed film is loaded into the equipment in the following manner: 

1. Lift motor drive unit from the tank and reel assembly. 

2. Release the cover-locking clamps at both ends of the tank by loosening the thumb 
screws, and lift the reel assembly from the tank. 

3. Place the reel assembly in an inverted position on a table or other flat surface 
with the large fiber gear facing up. 

4. Remove reel shaft lock assembly; lift right-hand developing reel from shaft and 
place at one side. Place film-retaining clamp around the exposed film on the camera 
film spool, leaving about 1 foot of free leader to be attached to the developing reel. 
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5. Place the spool of exposed film on the right-hand reel shaft with the "key," or 

square hole, on the flange of the spool facing up. With the film spool located In this £ 

position, the film will be wound onto the developing reel with the emulsion side out. *' 

This will assure uniform developing of the film. 

6. Fasten the film to the left-hand developing reel by Inserting the end of the film 
leader In the slot of the reel core, and then push the film-locking clip over the film, 
making sure that the tongue of this clip enters the slot of the developing reel. 

7. Place the plastic spacing washer on the shaft holding the loaded film spool and 
replace the reel shaft lock assembly. 

8. Remove the film-retaining clamp and place the reel assembly In the empty tank. 

8. Wind the film from the camera spool to the developing reel spool by turning the 

winding handle in a clockwise direction. 

10. When the film is completely wound on the developing reel, remove the reel assem¬ 
bly from the tank and place In an Inverted position on a table as before. 

11. Place clamp on roll of film and remove the empty camera spool. Replace this 
with the other developing reel and fasten the end of the film leader to it as described In 
step 5, above. 

12. Replace the reel shaft lock assembly. 

13. Remove the film retaining clamp and place reel assembly In the developing tank, 
taking care to fasten the clamps at each end of the tank. 

Processing 

All liquids are poured in through the filler spout. Only 128 ounces (4 qts.) of liquid 
will be needed to cover the film completely. 

1. Pre-wash. So that development may be even, the film must be pre-washed with 
clear water of about the same temperature as the developer (68° F.). Fill the tank with 
water and run the film through it twice manually. Then pour the water out through the 
filler spout by tipping the tank a little at a time until the liquid haB been completely 
drained from the tank. Do not turn the tank upside down. 

2. Development. Quickly pour the correct amount of developer into the tank through 
the filler spout. Start the motor and allow the film to run through the solution for the 
length of time recommended by the film manufacturer. Some film manufacturers' charts 
give only specifications for developing single sheets of film. In such cases, adjustments 
in the developing time will have to be made for the processing of roll film. The follow¬ 
ing table shows the correct developing time for roll film corresponding with the length 
of time specified by the film manufacturer for single sheets of film. 

3. Fixing. If recommended by the film manufacturer, run the film through clear 
water or an acid short-stop bath twice before fixing. Then drain the tank, pour In fixer, 
and run the film through for 10 minutes. If fixer solution is used over again, fixing time 
should be increased 2 minutes for each additional use of the same solution. 
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Length of 
film oeing 
developed 

(feel) 

Manufac¬ 
turers’ rec¬ 
ommended 
time for 
single sheets 
of film 

Correspond¬ 
ing develop¬ 
ing time in 
Fairchild 

tank 

Length of 
film being 
developed 
(feet) 

Manufac¬ 
turers’ rec¬ 
ommended 
time for 
single sheets 
of film 

Correspond¬ 
ing develop¬ 
ing time in 
Fairchild 
tank 


Min. 

Min. 


Min. 

Min. 

100. 

4 


50. 

4 

6 

100. 

5 

9 

50. 

5 

7 

100. 

6 

11 

50. 

6 

8 

75. 

4 

6 }£ 

25. i 

4 

4/v 

75. 

5 

8 

25. 

5 

6 

75. 

6 

10 

25. j 

6 

VA 


Fig. 13 - 


4. Washing. When fixing solution has been drained from the tank, unfasten the 
clamp at both ends. Insert washing nozzle (attached to hose) well down into filler spout 
and, with motor running, regulate the water supply so that water will flow freely over 
the edge of the tank. M 20 minutes the film will be clear of fixer. It can then be re¬ 
moved from the tank to a drying rack. 

Common Causes of Film Fogging 

Careless handling of film during processing will usually cause film fogging. The fol¬ 
lowing are some common causes of fogging: 

1. Pre-wash water too hot or too cold. 

2. Unnecessary viewing of film when changing from pre-wash to developer or from 
developer to short-stop bath. 

3. Developer solutions too hot or too cold—temperatures should be maintained with¬ 
in a 2-degree fluctuation. 

4. Film held too long In developer solution or In fixer solution. 

5. Incomplete mixing of solution powder. 

6. Improper safelight. 

7. Allowing film to stand exposed while mixing solutions. 

8. Allowing fumes from glacial acetic acid to reach film. 

9. Outdated film used. 

10. Old developer used. 

11. Light leak in processing tank. 
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ADJUSTING AND TESTING THE P-F UNIT 


Checking the Power Supply 
Common Troubles and Their Causes 
High Voltage Circuit Tests 
Other Tests 

An early accurate diagnosis of equipment trouble will expedite repairs. Even though 
he may not be able to make the repair himself, the P-F operator should be able to make 
certain repair tests so that he can give headquarters a detailed report of what the trouble 
seems to be when the equipment is not functioning properly. 

While the operator normally will not connect the equipment to the power supply, he 
should be familiar with power-supply problems. When the X-ray generating equipment 
on a newly installed machine does not function properly, the first check should be that 
of the power supply. On occasion, the operator may have to arrange for the actual con¬ 
nection of the equipment to the power line. This chapter contains information on power- 
supply factors and the making of repair tests to which the P-F operator can refer as 
the occasion arises. 

For the purpose of checking the power supply and making repair tests, a combina¬ 
tion voltmeter and ohmmeter such as those used by radio repairmen is an extremely 
useful instrument—you will do well to have one with you on the job at all times. The 
voltmeter scale of this instrument indicates both a. c. and d.c. voltages, and the ohm- 
meter scale will indicate short circuits, open circuits, and leakage. The a.c. section 
of the instrument can be used to check line voltages, voltages across a.c. relays, and 
filament voltages of the X-ray tube and valve tubes. The d. c. sections can be used to 
check voltages in the phototimer circuits. The ohmmeter section can be used to locate 
broken cable wires and short circuits in the filament leads to the X-ray tube or to de¬ 
tect punctured high-tension cables. These are only a few of the tests possible with this 
useful instrument. 

Checking the Power Supply 

If X-ray generating equipment is connected to the wrong power source, it wiU not 
function properly and may, in fact, be seriously damaged. Before an X-ray machine is 
connected, its power requirements should be checked against the characteristics of the 
proposed power supply. Where-ever possible, information on the proposed power line 
should be obtained from the building electrician or the local electric power company. 

In general, the following power supply line factors should be checked: frequency, 
voltage, load capacity, and type of system (single or three phase, etc.). 
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Frequency 


All standard P-F units are built for operation on alternating current (a. c.)> 
usually of 60 cycles, although the Picker "Mlnograph" can be operated at either 50 or 
60 cycles of current with the proper positioning of a control switch. Current and fre¬ 
quency should be of the kind Intended for the operation of the machine In use—never con¬ 
nect a standard unit to a direct current (d.c.) supply. 

Voltage 

Most P-F units are designed for a 220-volt power supply, with provision for 
compensation above or below that voltage at the control panel, usually for a range of 
190-240 volts. Some machines designed for 220 volts can also be operated at 110 volts 
with a reduction In X-ray tube milliamperage to about half. 

Load capacity 

An X-ray machine operating at 90 KV and 200 MA full-wave rectification will draw 
about 65 to 70 amperes on a 220-volt supply line. If the power supply is Inadequate, a 
reduction in X-ray tube milliamperage may be necessary in order to stay within the 
safe operating capacity of the power supply. Such a reduction in milllamperes will re¬ 
quire longer X-ray exposures for good pictures. 

The X-ray section of the National Electrical Manufacturers' Association (NEMA) 
have prepared recommended minimum power supply requirements for X-ray apparatus. 
These specifications call for a 15 Kv. -a. power supply and No. 2 wire for a 100-foot 
run from power supply to X-ray machine for 200 MA apparatus. Larger wires give 
smaller line losses. Always use the largest size wire available to reduce the loss to a 
minimum, particularly if the power supply is poor, hi general. No. 6 wire can be used 
for runs up to 50 feet. No. 4 and No. 2 for runs of 100 feet, and No. 0 and No. 00 for 
200-foot runs. 

An estimate of the load capacity of the supply line may be obtained by noting the 
switch and fuse ratings and size of wire at the switch box. A 100-ampere rating is 
generally satisfactory, with 60 amperes as the minimum. If possible, try to connect to 
a supply which will not have any other operating load during the interval that the survey 
is being conducted. 

Power system 

Generally, two types of power supply are found under field conditions. They are: 
two-wire, single-phase current and three-wire, three-phase current. A three-wire, 
single-phase system may also be encountered in which the middle wire is grounded. 
Power supply can be taken off the following wires: the two wires of a two-wire, single- 
phase system; the two outside wires of a three-wire, single-phase system; and any two 
wires of a three-wire, three-phase "Y'-connected system. 
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The P-F machine must be grounded to prevent charge accumulation. A good ground 
such as a grounded conduit or waterplpe should be used, hi three-wire, single-phase 
systems, the center wire is grounded and the P-F machine's ground wire can be connec¬ 
ted to It. hi a three-wire, three-phase system, the voltage across any two terminals Is 
220, and when the power supply is connected to two of the wires, the third wire should 
never be used as a ground . 

Common Troubles and Their Causes 


The following Is a check-list of common troubles and their possible causes. This 
can be used by the P-F operator in locating the source of operating break-down, so that 
full reports may be given to headquarters. It Is by no means all-inclusive, but should 
serve as a guide to the P-F operator in locating the source of machine failures. 


THE TROUBLE 
No power to X-ray machine 

X-ray machine will not compensate for 
line voltage. 

X-ray tube filament does not light. 

Valve tubes do not light. 


THE POSSIBLE CAUSE 

1. Disconnected power line. 

2. Line fuses blown. 

3. Open main switch. 

4. X-ray unit fuses blown. 

5. Broken wire In line cable. 

6. Power line not connected properly. 

1. Line voltage too low. 

2. Line voltage too high. 

3. Power line not connected properly. 

4. Incorrect line frequency. 

5. Improper power system. 

1. Open or short circuit in cathode cable. 

2. Open circuit In X-ray filament circuit 
from control stand to high voltage 
generator. 

3. Filament circuit fused blown. 

4. Burned out X-ray tube filament. 

1. Burned out valve tube filament. 

2. Open circuit In valve tube circuit. 

3. Valve filament circuit fuses blown. 

4. Valve tube relay In control stand not 
closing. 
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r,; c THE TROUBLE 

S1 -J^ Rotating anode of X-ray tube does not 
!= . operate. 


No exposure after rotating anode starts. 


Circuit breaker kicks out as soon as 
exposure starts. 


Phototimer does not terminate the 

exposure. 


% 


THE POSSIBLE CAUSE 

1. Broken wire to X-ray tube rotating 
anode. 

2. Rotating anode cable not properly con¬ 
nected or plugged into control stand. 

3. Rotating anode motor stuck. 

4. Starter-time-delay unit not operating. 

5. Relays in starter mechanism not 
operating. 

6. Exposure button not making contact. 

1. No film in camera. 

2. Identifying card not In slot. 

3. Identifying system defective. 

a. Burned out tube. 

b. Burned out light bulb. 

c. Broken wire in cable to machine. 

4. Camera defective. 

a. Improperly mounted camera magazine. 

b. Fuse in camera blown. 

c. Improperly loaded camera. 

5. Phototimer defective. 

a. Burned out phototimer tube or tubes. 

b. Broken phototimer control cable 
wire. 

c. Defective phototimer relay. 

6. Incorrectly set switches on control 
stand and phototimer. 

1. Gassy X-ray tube. 

2. Punctured high tension cable. 

3. Gassy valve tube. 

4. Break-down in high voltage transformer. 

5. Oil level In transformer or rectifier too 
low; or oil itself dirty. 

6. Milliamperes set too high. 

1. Burned out tube in phototimer. 

2. Broken wire in phototimer control cable. 

3. Safety timer limit set too low for KV 
and MA technique used. 

4. Defective phototube. 

5. No X-rays to light up fluorescent screen. 
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THE TROUBLE 

Milllammeter does not "Indicate." 


Mllliammeter fluctuates. 


Milllammeter reads too low. 


Mllliammeter reads too high. 


Defective X-ray pictures. 


THE POSSIBLE CAUSE 

1. X-ray tube not lighting up. 

2. Valve tubes not lighting up 

3. No power to X-ray high voltage trans¬ 
former. 

4. Burned out meter. 

5. Broken wire in MA meter circuit. 

1. Gassy X-ray tube. 

2. Loose connection in X-ray tube filament 
circuit. 

3. Fluctuating line voltage. 

1. Burned out valve tube. 

2. Defective meter—burned out rectifier. 

3. X-ray filament current too low. 

4. Valve filament current too low. 

1. Gassy X-ray tube. 

2. Gassy valve tube. 

3. Break-down in high voltage cables. 

4. X-ray tube filament current too high. 

5. Meter defective. 

1. Tube not aligned with fluorescent screen. 

2. X-ray tube filament out of line in tube. 

3. Defective grid. 

4. Grid placed wrong side out. 

5. Tube-to-screen distance not correct 
for focal distance of grid. 

6. Dirty fluorescent screen or glass. 

7. Camera out of focus. 

8. Film loaded into camera incorrectly. 

9. Phototimer density setting incorrect. 

10. Identifying card placed in slot incor¬ 
rectly. 

11. Fogged film. 

12. Subject not positioned properly. 

13. Subject moved during exposure. 

14. Camera not working properly; expo¬ 
sures overlapping. 

15. Film-advance mechanism not opera¬ 
ting—may result in double exposure. 
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THE TROUBLE 


THE POSSIBLE CAUSE 


X-ray pictures too light. 


X-ray pictures too dark. 


X-ray tube overheats. 


1. Phototimer density set too low. 

2. Phototimer cuts off too quickly—pos¬ 
sibly defective. 

3. Insufficient development time. 

4. Phototimer safety timer set too low for 
KV and MA technique. 

5. Film and fluorescent screen not 
matched for color sensitivity. 

1. Phototimer density set too high. 

2. Phototimer does not terminate expo¬ 
sure—possible defective. 

3. Film development time too long. 

1. Too many exposures per hour. 

2. KV and MA too low, making long ex¬ 
posures necessary. 

3. Valve filament current too low. 

4. Slightly gassy X-ray tube. 

5. Tube-to-fluorescent screen distance too 
great, necessitating long exposures. 

6. X-ray tube air blower not operating. 


High Voltage Circuit Tests 

Faulty X-ray tubes, valve tubes, high-tension cables, and high voltage transformers 
may result in failure of the high voltage circuit of an X-ray machine, causing the circuit 
breaker to "kick out. 1,1 An early indication of this kind of trouble may be had if the mil- 
liammeter shows excessive values of MA when the exposure is on. 

If the circuit breaker "kicks out" at the start of the exposure, check the low tension 
or power circuit first for a short circuit. If this fails to reveal the trouble, make the 
following tests: 

X-ray tube check 

Remove the high-tension cable terminals from the X-ray tube and place them on 
wooden chairs or stools at least 3 feet apart, to prevent grounding. Make an exposure. 

If the circuit breaker does not kick out, the X-ray tube is either gassy or has a defective 
HV insulation. 


* A low oil level or defective oil in the transformer will also cause the circuit breaker 
to "kick out." 
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THE TROUBLE 


THE POSSIBLE CAUSE 


Miiilammeter does not "Indicate." 


Milliammeter fluctuates. 


Miiilammeter reads too low. 


Milliammeter reads too high. 


Defective X-ray pictures. 


1. X-ray tube not lighting up. 

2. Valve tubes not lighting up 

3. No power to X-ray high voltage trans¬ 
former. 

4. Burned out meter. 

5. Broken wire In MA meter circuit. 

1. Gassy X-ray tube. 

2. Loose connection In X-ray tube filament 
circuit. 

3. Fluctuating line voltage. 

1. Burned out valve tube. 

2. Defective meter—burned out rectifier. 

3. X-ray filament current too low. 

4. Valve filament current too low. 

1. Gassy X-ray tube. 

2. Gassy valve tube. 

3. Break-down in high voltage cables. 

4. X-ray tube filament current too high. 

5. Meter defective. 

1. Tube not aligned with fluorescent screen. 

2. X-ray tube filament out of line in tube. 

3. Defective grid. 

4. Grid placed wrong side out. 

5. Tube-to-screen distance not correct 
for focal distance of grid. 

6. Dirty fluorescent screen or glass. 

7. Camera out of focus. 

8. Film loaded Into camera incorrectly. 

9. Phototimer density setting Incorrect. 

10. Identifying card placed In slot Incor¬ 
rectly. 

11. Fogged film. 

12. Subject not positioned properly. 

13. Subject moved during exposure. 

14. Camera not working properly; expo¬ 
sures overlapping. 

15. Film-advance mechanism not opera¬ 
ting—may result In double exposure. 
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THE TROUBLE 


THE POSSIBLE CAUSE 


X-ray pictures too light. 


X-ray pictures too dark. 


X-ray tube overheats. 


1. Phototimer density set too low. 

2. Phototimer cuts off too quickly—pos¬ 
sibly defective. 

3. Insufficient development time. 

4. Phototimer safety timer set too low for 
KV and MA technique. 

5. Film and fluorescent screen not 
matched for color sensitivity. 

1. Phototimer density set too high. 

2. Phototimer does not terminate expo¬ 
sure—possible defective. 

3. Film development time too long. 

1. Too many exposures per hour. 

2. KV and MA too low, making long ex¬ 
posures necessary. 

3. Valve filament current too low. 

4. Slightly gassy X-ray tube. 

5. Tube-to-fluorescent screen distance too 
great, necessitating long exposures. 

6. X-ray tube air blower not operating. 


High Voltage Circuit Tests 

Faulty X-ray tubes, valve tubes, high-tension cables, and high voltage transformers 
may result in failure of the high voltage circuit of an X-ray machine, causing the circuit 
breaker to "kick out. 1,1 An early Indication of this kind of trouble may be had if the mll- 
liammeter shows excessive values of MA when the exposure is on. 

If the circuit breaker "kicks out" at the start of the exposure, check the low tension 
or power circuit first for a short circuit. If this fails to reveal the trouble, make the 
following tests: 

X-ray tube check 

Remove the high-tension cable terminals from the X-ray tube and place them on 
wooden chairs or stools at least 3 feet apart, to prevent grounding. Make an exposure. 

If the circuit breaker does not kick out, the X-ray tube is either gassy or has a defective 
HV insulation. 


1 A low oil level or defective oil in the transformer will also cause the circuit breaker 
to "kick out." 
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High-tension shockproof cable teat 


K, after the X-ray tube check, the circuit breaker continues to kick out, remove £ 
either the cathode or the anode high-tension cable from the transformer-rectifier unit, v 
and make an exposure as before. If the circuit breaker then does not kick out, one or 
both of these cables are punctured. Test to see which of these cables is punctured and 
makes the circuit breaker kick out. 

Transformer-rectifier combination test 


If both high-tension shockproof cables to the tube are removed from the transform¬ 
er-rectifier tank and the circuit breaker still kicks out, it usually indicates a gassy 
valve tube or defective high-tension transformer. 

Valve tube test for separate rectifier and transformer cases 

Remove both anode and cathode cables, leaving the cables from the transformer to 
the rectifier, and make an exposure. If the circuit breaker still kicks out, remove the 
high-tension interconnecting cables from the transformer to the rectifier and make an¬ 
other exposure. If the circuit breaker does not kick out, it indicates trouble in the rec¬ 
tifier case—usually a gassy valve tube. 

High-voltage transformer-to-rectifier cable test 

With the interconnecting cables out of the rectifier case and supported about 3 feet 
apart on wooden chairs or stools, make an exposure. X the circuit breaker still kicks 
out, remove cables from the transformer unit and repeat. X the circuit breaker does 
not kick out, it Indicates punctured high tension interconnecting cables. By inserting 
one cable at a time in the transformer and making an exposure, it will be possible to 
determine which one is punctured. 

High-voltage transformer test for separate rectifier-transformer combination 

With interconnecting cables removed from the transformer, make an exposure. X 
the circuit breaker still kicks out, trouble is Indicated in the transformer. This may be 
checked by removing the power cable from the control stand to the transformer and mak¬ 
ing an exposure. If the circuit breaker does not kick out, the difficulty is in the high- 
tension transformer case, usually a defective high-voltage coll. 

Other Tests 


A piece of a fluorescent screen, about 3 inches square, placed in front of the X-ray 
tube can be used to determine if X-rays are being generated. X X-rays are being gen¬ 
erated, this piece of fluorescent screen will glow and the glow will be visible in a dark¬ 
ened room. 
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The "spinning top test" will indicate valve tube failure as well as the accuracy of an 
electrical or mechanical timer. The "top" Is a circular piece of thick brass or lead, 
pivoted so that it will spin. The circular plate has a deep notch or slit on the circumfer¬ 
ence. When the top is set to spin on a 14" x 17" cassette loaded with film and an expo¬ 
sure is made, an Image of the top should appear on the film upon development. Around 
the edge of the Image will appear numerous dark spots made by the notch or slit In the 
spinning top. If there are 12 spots and the timer Is set for 0.1-second exposure with a 
full-wave rectified X-ray machine, the timer is working properly and the equipment Is 
operating at full-wave rectification. Six spots on the image with an accurate timer indi¬ 
cate that at least one valve tube In a full-wave rectified machine is not operating. Ten 
spots Indicate that the timer is inaccurate (too fast) for a full-wave rectified machine. 
With a 0.2-second-settlng, 24 spots should appear; for 0.3 second, 36 spots should ap¬ 
pear; and for a one-second exposure, a total of 120 spots should appear. 


RADIATION HAZARDS AND PROTECTIVE MEASURES 

Safety Limits - Effects of Excessive Exposure to X-rays - Avoiding Excessive Ex¬ 
posure - Basic Precautions and Safety Rules 

As pointed out previously, the possibilities of excessive exposure to radiation In 
photofluorography are much greater than In standard radiography. The number of people 
examined during a day's operations exceeds considerably the number one would expect to 
X-ray In the course of normal radiographic operations. As many as 500 to 1,000 chest 
films may be taken daily with present miniature film equipment. 

Furthermore, the quantity of radiation required for the exposure of a miniature test 
is approximately 18 times greater than that required for a conventional 14" x 17" X-ray 
film. This is due in part to the greater energy required to activate the fluorescent 
screen. Also, the interposition of a grid between X-ray tube and fluorescent screen in¬ 
creases required radiation by approximately 50 per cent. 

Because of this and the rapid development of P-F equipment, the need for protecting 
P-F personnel against excessive exposure to X-ray radiation has become Increasingly 
evident. 

Safety Limits 

Experience with the atomic bomb has indicated that acute, whole body exposures of 
450 to 500 roentgen units of radiation at one time will result in death. The likelihood of 
obtaining an acute roentgenological exposure of this extent in P-F work, however, is re¬ 
mote. It is possible, though, for the technician, through lack of knowledge or careless¬ 
ness, to Inflict lasting damage not only to himself but to bystanders as well. Consequent¬ 
ly, it is imperative that P-F operators be thoroughly familiar with the hazards of radia¬ 
tion and that they take the necessary steps to protect all persons Involved in the work. 
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At the present time, the maximum allowable weekly dosage of X-ray radiation is 
0.3 roentgens, according to the recommendations of the National Bureau of Standards. 
The P-F operator can stay well within these safe exposure limits by making proper use 
of all protective devices and by observing the safety rules. 

Effects of Excessive Exposure to X-rays 

In general, the harmful effects of excessive exposure to X-rays fall into two cate¬ 
gories—those that are localized, and those that are systemic, or generalized in the 
body, hi P. F. work the operator is seldom exposed to the primary X-ray beam. Hence 
the radiation he receives is usually secondary and of low Intensity, so that the dally ex¬ 
posure is of low order. Its damaging effects are therefore due to the accumulation of 
quantities of radiation over a period of months or years. For this reason, it is seldom 
that local effects are observed in advance of systemic signs. 

The following are some of the more common effects of excessive exposure to X- 
rays— they are all avoidable: 

Local Effects 


Dermatitis, or skin inflammation—Manifested by redness, drying, and cracking of 
the skin. 

Hyperkeratosis, or the formation of warts. 

A tendency toward excessive brittleness of fingernails, and the development of longi¬ 
tudinal ridges on fingernails. 

Telangiectasia, or dilation of capillaries and small blood vessels. 

Cancer of the skin. 

Systemic Effects 

Blood changes, including anemia (low red blood cell count), leukkopenia (low, white 
blood cell count), or leukemia (fatal disease characterized by increased number of white 
blood cells or change in white cell structure). 

Cellular changes, including sterility and mutations and genetic changes which may 
affect offspring. ^ 

Possible shortening of life span. 

Avoiding Excessive Exposure 

The best way to avoid the dangers of excessive exposure to X-rays is to take the 
necessary precautions and observe the safety rules at all times. They are easy to follow 
and offer the surest protection against radiation hazards. 

In order to make certain that he has not sustained excessive exposure to X-ray 
radiation, the P-F operator should undergo routine, periodic blood counts. The white 
blood cells are most susceptible to damage from X-rays, so that one of the early 
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changes which can be observed because of excessive exposure is a drop in the number of 
white blood cells. The P-F operator should therefore have a periodic blood count at 
least quarterly. 

There are other procedures which should be followed to check on the amount of X- 
ray exposure a P-F operator is receiving. One such procedure utilizes special dental 
•film which is usually attached to the wrist by means of a wrist watch strap. The film 
ia worn a minimum of one week and its density is then checked against a standard den¬ 
tal film which has had a known amount of radiation. By comparing the two, it is pos¬ 
sible to determine the operator's approximate weekly exposure level. 

Another satisfactory method uses special ionization chambers which have been de¬ 
signed to record the amount of radiation exposure. These are manufactured in the shape 
of pencils, so that they may be worn in the pocket. Radiation Intensity can be read 
directly from the instrument. 



Figure 14. Typical X-ray exposure conditions in the area around a photo- 
fluorographic unit . 

Figure 14 depicts an lsodose curve graph illustrating typical exposure conditions 
which exist in the vicinity of a P-F installation. The data were obtained through use of 
a standard P-F machine and recorded in roentgen units per 100 exposures at various 
locations near the P-F machine. The graph is, in the main, self-explanatory and por¬ 
trays the amount of exposure at varying distances from the fluorescent screen. A study 
of tMa chart should point up the possible hazards of secondary radiation. 

Basic Precautions and Safety Rules 

The following conditions should be observed at all times in order to minimize per¬ 
sonal exposure to X-ray radiation: 

1. Loeate P-F equipment properly. The room in which operations are being con¬ 
ducted should measure at least 20' x 15', and the X-ray beam should be aimed toward 
an outside wall. 
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2. Align X-ray tube and screen properly and cone the primary ray within the con¬ 
fines of the fluorescent screen. 

3. Use lead screens to protect all operating personnel, including clerks. 

4. Always stand behind the protective screen during the P-F exposure, and be sure 
that clerical personnel are behind a lead screen or at least 20 feet from the subject 
being X-rayed. 

5. Utilize proper milliampere and kilovolt settings on the X-ray control stand in 
order to reduce exposure time. 
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APPENDIX A 


Specifications and Operating Instructions for 6 Major 
Types of Photofluorographic Equipment 


General Electric “ Photoroentgen ” 


Specifica tions 
Tube and hood stand 
Construction. 


Tubc-to-hood distance. 

Lift synchronization. 

Lift control. 

Stereo shift. 

X-ray generating system 

X-ray tube. 

Valve tubes. 

Line voltage. 

KV range. 

MA range. 

Photographic system 

Grid. 

Fluorescent screen. 

Camera. 

Pictures per 100-foot roll. 

Identification. 

70-mm. roll film timing. 

14" x 17" radiography timing 

Protective screen . 

Packing 

Number of cases. 

Weight. 


Model KX-15 


Central column on base with a cross beam, 
one end of which holds X-ray tube, the 
other, camera hood. 

36", 42", 52" 

Cross beam. 

Motor and manual—left side. 

Automatic. 


CRT-1-2 (General Electric). 
KR-6 (Kenetron G. E.). 
195-250 volts. 

40-50-60-70-80-90 and 100. 
0-250 MA. 


50 lines per inch—curved 17" x 17". 
Green or blue. 

70-mm. Fairchild. 

375 (approximate). 

IBM card or transparent paper. 
Phototimer or mechanical timer. 
Phototimer or mechanical timer. 

Lead YW thick. 

14. 

1800# (approximate). 


Operating Instructions 

Calibration 

1. Close the shutter at the tube unit to block the X-radiation. 
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General Electric “Photoroentgen”—Model KX-1J*—Continued 

2. Turn the filament regulator counterclockwise as far as possible; close 
the line switch and adjust the line voltage compensator so that pointer of 
the compensator voltmeter is at the red line. 

3. Set the timer selector at SYNC and set the timer for 1.0 seconds. 

4. Set the technic selector at 
RADIOGRAPHY. 

5. Set the camera selector 
at CUT FILM. 

6. Set the kilovolt selector 
at "60.” 

7. Set the line regulation 
compensator at its extreme 
counterclockwise position. 

8. Set the rotating anode 
switch at the on position. 

9. Depress the X-ray expo¬ 
sure button and observe the 
milliammeter. 

10. Adjust the filament reg¬ 
ulator to read exactly 100 
milliamperes on the milli¬ 
ammeter. Caution: Do not 
exceed the X-ray tube ratings 
during these procedures . 

(See appendix C.) 

11. When the milliainpcrage is adjusted to "100,” make another ex¬ 
posure, observe the compensator voltmeter, and note where the pointer 
stops during the exposure. Set the adjustable pointer connected to the 
knob in the front of the compensator voltmeter case to this position and 
observe the letter on the dial which is nearest to this position. 

12. Set the line regulation compensator to the letter indicated on the 
compensator voltmeter. (There are four concentric arcs on the line 
regulation compensator nameplate.) Select the arc marked "100 MA” 
and set the red indicator mark on the control handle at the letter to which 
the compensator voltmeter pointer was set. 

13. Repeat step No. 11 after the line regulation compensator has been 
set, and check the compensator voltmeter pointer during another 100- 



Figurc 15. Control Panel for 
G. E. “ Photoroentgen ” KX-15. 
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Genera] Electric “Photoroentgen”—Model KX-15—Continued 

milliampere exposure; if this trial indicates a different setting, reset the 
movable pointer and line regulation compensator. The line regulation 
compensator is now set and requires no further change during this survey 
except when the milliamperage is changed. When this is done, the line 
regulation compensator should be set to the same letter but on the arc 
corresponding to the new milliamperage. 

For example: Assume the compensator voltmeter indicates "B” and 
that the line regulation compensator was set on ff B” of the 100 MA arc. 
If the new milliamperage is 150 MA, the line regulation compensator 
should be set on "B” of the 150 MA arc. 

Photofluorography 

Set the controls as follows: 

1. Timer selector to photo. 

2. Technic selector to photo-roentgenography. 

3. Camera selector to roll-film or cut-film, depending upon which 
camera is used. 

4. Line switch to on. 

5. Line voltage compensator to proper button to bring needle of com¬ 
pensator voltmeter slightly to right of red line on meter face. 

6. Line regulation compensator to proper letter on arc corresponding to 
technique to be used, as explained under description of this control, 

7. Kilovolt selector to kilovoltage value required for patient’s chest 
thickness, according to the following table: 


Patient size 

Chest thick¬ 
ness 

Kilovoltage 


Centimeters 


Thin. 

13-17 

70 

Average....... 

13-22 

80 

Heavy... 

23-27 

90 

Very heavy..... 

28-33 

100 




8. Open shutter. 

9. Position patient. 

10. Rotating anode switch to on. 

11. Filament regulator to proper position to give the proper filament 
amperes for 200 MA with a rotating anode tube, or 150 MA with a sta¬ 
tionary anode tube, according to the filament increment method. 

12. Ask patient to "take a deep breath and hold it.” 
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General Electric “Photoroentgen”—Model KX-I5—Continued 

13. Push X-ray exposure button. 

14. Turn rotating anode switch to off position. 

When subsequent patients are to be photofluorographed it is only 
necessary to: 

Select proper KV on kilovolt selector. 

Position patient. 

Turn rotating anode to on. 

Ask patient to "take a deep breath and hold it.” 

Push X-ray exposure button. 

Turn rotating anode switch to off position. 

Note that phototimer density control setting must be determined 
through a series of test exposures. (See appendix B.) 

General Electric 66 Photoroentgen 99 

Model KX-12 (Bus Unit) 

The model KX-12 X-ray machine is similar in characteristics and 
operation to the KX-15 except for the addition of the model S-3 syn¬ 
chronous timer and the low-medium-high line voltage selector. The 
latter is furnished on bus installations because of variable line conditions 
encountered. 



Figure 16. Control panel for G . E. “ Photoroentgen ” KX-12 (bus unit). 


430 


Digitized by Google 


Original from 

UNIVERSITY OF MICHIGAN 






I 


General Electric “Photoroentgen”—Model KX-12 (Bus Unit)—Continued 


^ The special selector permits quick adjustment of the proper auto- 
transformer input tap depending upon the line voltage within the range 
of 200-260 volts. This selector is located on the front panel of the 
control and consists of a knob with a pointer which can be set on low, 
medium, or HIGH position. 

The selector provides for coarse line voltage compensation and should 
be used in conjunction with the regular 10-step voltage compensator which 
provides for fthe line voltage compensation. Both controls should be so 
adjusted that with the line switch on, the needle of the compensator 
voltmeter rests directly opposite the center line of the voltmeter scale. 

Several calibration charts are provided with the equipment, and the 
choice of correct chart depends on the characteristics of the power supply 
to which the X-ray machine is connected. As this equipment may be 
operated from various supply sources, characteristics of which may differ, 
it is necessary to determine the correct calibration chart for each location. 
Following is the procedure for selecting the correct calibration chart: 

1. Set the kilovolt selector on button 56 (80 KV). 

2. Set the timer for a 3-second exposure with sheet of lead in front of 
X-ray tube. 

3. Set the technic selector on the radiography-large focus position. 

4. Adjust the filament control to obtain 50 M A oh the large focus of the 
X-ray tube. 

5. Make the exposure and note the reading of the compensator voltmeter. 

6. Terminate the exposure and read the voltmeter. 

7. Repeat steps 5 and 6 at least 3 times to minimize the effects of line 
fluctuation and then average the results to obtain the reading. 

8. Select the proper calibration chart from the lable below: 

Use calibration 


Compensator voltmeter reading: chart No. 

Between center line and 2. 1 

Between 2 and 4 . 2 

Between 4 and 6 . 3 

On 6. 4 


After the proper calibration chart is determined for each location in 
which the equipment is used, the above procedure will no longer be 
necessary provided that these data are suitably recorded and correctly 
used. Before making the exposure, however, it will be necessary to 
adjust both the special and the regular voltage compensator until the 
compensator voltmeter needle is on the center line. 


* 
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Kelley-Koett “Photocron” 


Specifications 


Tube and hood stand 

Construction. 2 bases, 4 upright columns, and 2 over 

head bars. 

Tube-to-hood distance. 40" and 52". 

Lift synchronization.. Connecting steel cable. 

Lift control. Manual. 

Stereo shift. Automatic-manual set. 


X-ray generating system 

X-ray tube. 

Valve tubes. 

Line voltage. 

KV range. 

MA range. 

Photographic system 

Grid. 

Fluorescent screen. 

Camera. . . . f. 

Pictures per 100-foot roll. 

Identification. 

70-mm. roll film timing. 

14" x 17" radiography timing 

Protective screen . 

Packing 

Number of cases. 

Weight. 

Operating Instructions 

Photofluorography 

1. Set camera-cassette switch to camera. 

2. Set control safety main line switch to on. 

3. Read line voltage. 

4. Set auto-adjuster according to line voltage indicated on the combina¬ 
tion line volts and compensator meter. 

5. Turn control main switch to on., 

6. Adjust line compensator until meter indicator coincides with the red 
line. 

7. Set milliamperage selector to ISO MA. 

8. Set kilovoltage selector to 90 KV. 

9. Set phototimer main switch to ON. 

10. Set density control to a central position for trial (proper position will 
be somewhere between 5.5 and 7.5). 


Dynamax 25 or Aeromax (Machlett). 
ML-3 (Machlett). 

100-150 and 200-260 volts. 
60-70-80-90-100 steps. 

50-100-150-200 steps. 

50 lines per inch—40" focus 15" x 17". 
Green or blue. 

70-mm. Fairchild f/1.5 lens. 

375 (approximate). 

IBM card or automatic numbers. 
Phototiiner. 

Phototimer. 

/3 2 " lead. 

10 . 

1800# (approximate). 
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Kelley-Koett “Photocron”—Continued 

11. Set safety timer switch for 2 seconds for Dynamax tube or 1.5 
seconds for Aeromax. 

12. Operate film-advance if necessary to bring uncxposed film into 
exposure position, ready fight on the control should come on. 

13. Position subject for trial exposure (use average-size subject). 

14. Press exposure switch to obtain exposure. 

15. Make a convenient number of exposures (say four) at different 
density control settings to produce the required diagnostic film density 
and process the film. 

16. Judge the diagnostic qualities of the photofluorographs to determine 
the density control setting which produces the most satisfactory film 
density. 

Direct Chest Radiography 

Assuming that the machine is properly set up for photofluorograpby, 
the following step-by-step procedure will permit an adequate check on 
direct roentgenographic performances: 

1. Re verse the tube mount and move the tube from the 40" position 
(tube-to-hood distance) to the 52" position. This requires reversal of 
the carriage bracket which is attached to the carriage by four wing nuts, 
and remounting of the tube bracket on the carriage bracket by three 
thumb nuts. 

2. Remove the grid from the P-F hood and mount the loaded 14" x 17" 
cassette in its place (cassette to be without lead back). The grid bracket 
is adjustable to accommodate either the grid or the cassette. 

3. Before control is energized, set camera-cassette switch to cassette. 
This switch is accessible through the cable outlet door at the back of the 
control cabinet. The cassette pilot will indicate cassette. 

4. Turn safety main switch on (also accessible through the cable outlet 
door). 

5. Turn control main switch on. 

6. Adjust line compensator. 

7. Set milliamperage selector to 50 MA. 

8. Set kilovoltage selector to 70 KV. 

9. Set timer main switch to on. 

10. Set density control (timer sensitivity) between 1.0 and 2.5. Higher 
settings mean longer exposures. 

11.. Set timer safety switch to 1 second. (Exposure will require 
something like second.) 

12. Position subject. 


Digitized by Google 


433 


Original from 

UNIVERSITY OF MICHIGAN 



Kelley-Koett “Photocron ,, —>Continued 



Figure 17. Control panel for Kelley-Koett “Photocron” unit . 


13. Press exposure switch for exposure. The cassette is without ihe 
usual lead backing which permits the photo timer to control the cassette 
exposure. 

14. Process trial film according to film manufacturer's specifications. 

15. Examine the diagnostic qualities of the exposed film to determine 
the density control setting which will best give satisfactory radiographs. 

16. Prepare the machine and make other exposures if necessary to 
determine proper density control setting necessary for satisfactory 
pictures. Once proper density control setting has been established, 
keep this setting essentially constant for the screen-film combinations 
employed. 
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Mat tern “ Fluor-X-Ray 99 


Specifications 
Tube and hood stand 

Construction. 

Tube-to-hood distance. 

Lift synchronization. 

Lift control. 

Stereo Bhift. 

X-ray generating system 

X-ray tube. 

Valve tubes. 

Line voltage. 

KV range. 

MA range. 

Photographic system 

Grid. 

Fluorescent screen. 

Camera. 

Pictures per 100-foot roll. 

Identification. 

70-mm. roll film timing. 

14" x 17" radiography timing 

Protective screen . 

Packing 

Number of cases. 

Weight. 


2 pedestal stands connected by a ramp. 
40". 

Connecting steel cable. 

Manual-static balance. 

Automatic. 


Dynamax 25AA (Machlelt). 
Machlett ML-1. 

200-260 volts. 

30-100 KV—1 KV steps. 
0-200 MA. 


50 lines per inch—40" focus. 
Green or blue. 

70-mm. Fairchild f/1.5 lens. 
375 (approximate). 

IBM cards. 

Phototimer. 

Electronic timer. 

Me" lead. 


9 . 

1300# (approximate). 


Operating Instructions 
Photofluorography 
L Close main line switch. 

2. Adjust the line compensator control until the line meter indicator is 
at the red line. 

3. Press the filament scale switch and adjust the filament voltage to 
the proper value. 

4. Set the stereo shift switch to the OFF position. 

5. Set the camera switch to the ON position. 

6. Set the kilovoltage as determined by technique (see technique chart). 

7. Set the density control on the automatic phototimer as determined by 
technique (see technique chart). 

8. Set the time limit control at five-tenths of a second. 

9. Place the loaded film magazine on the back of the camera and advance 
the film until live film is in position as described in the camera operating 
instructions. 
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Mattern “Fluor-X-Ray”—Continued 



Figure 18. Control panel for Mattern **Fluor-X-Ray ” machine. 

10. Insert the patient’s identification card in the card holder of the P-F 
hood. 

11. Position the patient before the P-F hood and make the necessary 
hood and tube height adjustments. 

12. The exposure may now be made by depressing the exposure switch 
until the exposure is completed. 

Subsequent exposures may be made by merely changing patient’s identi¬ 
fication card, positioning the new patient, and then depressing the 
exposure switch. 

Stereoscopic Photofluorography 

Important!! Follow instructions in the order in which they are 
given . . . 

1. Close main line switch. 

2. Adjust the line compensator control until the line meter indicator is 
at the red line. 

3. Press the filament scale switch and adjust the filament voltage to 
the proper value. 

4. Set the stereo shift switch to the ON position. 

5. Set the camera switch to the on position. 

6. Set the kilovoltage as determined by technique. 

7. Set the density control on the automatic phototimer as determined by 
technique. 

8. Set the time limit control at 3/4 second. 
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Mattern “Fluor-X-Ray”—Continued 


9. Place the loaded film magazine on the back of the camera and advance 
the film until live film is in position as described in the camera operating 
instructions. 

10. Insert the patient’s identification card in the card holder at the 
bottom of the fluorographic hood. 



Figuie 19. Control and tube stand for Mattern “Fluor-X-Ray” unit. 


11. Position the patient before the fluorographic hood and make the 
necessary hood height adjustments. 

12. The exposures may now be made by depressing the exposure switch 
and holding it depressed until the two exposures are made and the X-ray 
tube returns to its normal position and stops. 

Subsequent exposures may be made by merely changing patient’s identi¬ 
fication card, positioning the new patient and depressing the exposure 
switch. 


14" x 17" chest radiography 

1. Close main line switch. 

2. Adjust the line compensator control until the line meter indicator is 
at the red line. 
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Mattern “FIuop-X-R ay”—Continued 

3. Press the filament scale switch and adjust the filament voltage to 
the proper value. 

4. Set the stereo shift switch to the off position. 

5. Set the camera switch to the off position. 

6. Set the kilovoltage as determined by technique. 

7. Set the density control on the automatic phototimer as determined 
by technique. 

8. Set the time limit control to the time as determined by technique. 

9. Line the X-ray tube up with the auxiliary cassette holder. 

10. Place a loaded cassette in the auxiliary cassette holder and attach 
the film marker with the patient’s code number. 

11. Position the patient. 

12. The exposure may now be made by depressing the exposure Bwitch 
until the exposure is completed. 


Technique Chart 



Photofluorography—Automatic 
phototimer and 70-mm. 
camera 

Direct Chest Radiography—14" 
x 17" chest films 

MA. 

200. 

200. 



PKV. 

75. 

According to patient size. 
(See chart below.) 

j 


Time. 

As determined by photo¬ 
timer. 

1/10 second. 

Distance. 

40" (fixed). 

72". 


Patient size and peak kilovoltage in direct chest radiography 


Patient size (cm.).. 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

Peak kilovolts. 

55 

57 

59 

61 

63 

65 

67 

w i 

71 

73 

75 

77 

79 

81 

83 

85 


WARNING 

Always be certain that mi lli am peres, kilovolts, and time factors 
are safely below the maximum load ratings of the X-ray tube 
and that the X-ray tube is positioned at such a distance or prop¬ 
erly filtered to provide adequate safety to the patient when the 
specified factors are used. 
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N. A. Philips “Metalix” 


Model MCS-200 


Specifica tions 
Tube and hood stand 

Construction. 2 pedal stand connected by a ramp. 

Tube-to-hood distance. 36", 48", 60". 

Lift synchronization. Connecting chain. 

Lift control. Motor and manual—right side. 

Stereo shift. Manual. 


X-ray generating system 


X-ray tube. Dynamax 25AA (Machlett insert). 

Valve tubes. ML-3K (Machlett). 

Line voltage. 110 and 220 volts. 

KV range.. 70-85 and 100 KV. 

MA range. 100-150 and 200 MA. 


Photographic system 

Grid. 

Fluorescent screen. 

Camera. 

Pictures per 100-foot roll. 

Identification. 

70-mm. roll film timing. 

14" x 17" radiography timing 

Protective screen . 

Packing 

Number of cases. 

Weight. 


50 lines per inch—40" focus 161/g" x 17V2 /; * 
Green or blue. 

70-mm. Fairchild. 

375 (approximate). 

IBM card. 

Pbototimer 

Phototimer or mechanical timer. 

Sheet metal—1 thickness and lead spray. 

12 . 

1300# (approximate). 


Not*: The model MCS-100 is essentially the same except that it is designed for use up to only 100 
mUiamperes and comes with only one transformer case, instead of the two furnished with the MCS-200. 


Operating Instructions 

General preliminary settings 

1. Select the desired KV with KV selector control. For the Model 
MCS-100 the selector knoh is set to high. For MCS-200 the KV 
selector can be set for medium when X-raying thin and normal chest 
thicknesses; for heavy chest thicknesses, raise the selector switch to 
HIGH. 

2. Select the desired milliamperes with MA selector control; the MCS-100 
and MCS-200 are factory calibrated for various values. It has been 
found best to calibrate the MCS-100 to give the following MA values 
when KV selector is set on high: 

Low—100 MA 
Med—150 MA 
High—200 MA 
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N. A. Philips “Metallic” Model MCS-200—Continued 


(These values are indicated on the MA meter when the X-ray tube is 
energized.) 

3. The diaphragm which limits the radiation to the screen area must be 
positioned for the proper focal screen distance. 

Photofluorography calibration 

1. Turn the film selector switch on the control panel to the miniature 
position for normal operation utilizing the 70-mm. camera. 

2. Turn the phototimer switch ON. This switch is located on the timer 
panel above the camera. 

3. The exposure limit control, also on the phototimer panel, is set for the 
rated time limit permissible for the maximum KV and MA to be used with 
the particular X-ray tube. This control need only be changed when a 
different type X-ray tube is used. It may be varied from 0.25 to 2.5 
seconds. 

4. Turn the service power switch on. 

5. Press down momentarily the main power pushbutton on the control 
panel. The green power light will light up, indicating that the unit is 
energized. 

6. Vary the line compensating control until the pointer of the line com¬ 
pensating meter rests at the red line. 

7. Insert a record card into the card holder at the lower front of the hood. 

8. The unit is now ready for operation, and this is indicated by the 
illumination of the orange "Ready” lamp in the lower right corner of the 
control panel. 



Figure 20. Control panel for Philips **Metalix 99 unit . 
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N. A. Philips “Metalix” Model MCS-200—Continued 



Figure 21. Phototimer controls for Philips “Metalix” unit . 

9. Place an aluminum phantom 1%" thick into the diaphragm in order 
to make a test exposure before the unit is used with actual subjects. 

10. Depress the exposure switch and hold it down. The exposure push¬ 
button controls the operation. Hence, the exposure may be terminated 
at any instant by merely releasing this button. It is therefore important 
that the pushbutton be firmly depressed and held down until the exposure 
is completed. 

11. Approximately one second after depressing the pushbutton, the red 
X-ray lamp will light up, indicating that the X-ray tube is energized. 
When the proper exposure time has elapsed, the exposure will be auto¬ 
matically terminated by the phototimer. This will be indicated by the 
extinction of the red light on the control. 

12. Release the exposure pushbutton. The camera will automatically 
advance the film and be ready for the next exposure. The blue transport 
light on the control will blink, indicating that the film is in motion. 

13. Remove the record card from its holder. 

14. Remove the aluminum phantom. The machine is now ready for 
survey operation. 

Note that the correct density setting of the phototimer will have to be 
determined with trial exposures at various density settings. 
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N. A. Philips “Melalix** Model MCS-200—^Continued 
14" x 17" chest radiography | 

It is possible with the N. A. Philips MCS-200 to phototime 14" x 17" 
chest X-rays. The cassette holder has a rectangular opening through 
which the X-rays pass to light up the fluorescent screen in the hood in 
order to activate the phototimer. 

1. Mount the cassette holder at the front of the hood. 

2. Move the X-ray tube back to give a 60" distance from tube target to 
cassette holder. Adjust the diaphragm for the 60" distance. 

3. Set the switch on the control stand for full-size X-rays. 

4. Adjust the kilovoltage and milliamperes. It is usually best to set the 
controls for low KV and low MA, which will give 70 KV and 100 MA, 
although higher KV and MA can be used. 

5. Adjust the phototimer sensitivity for the desired X-ray picture quality. 
Make a number of trial shots, setting the sensitivity control for various 
values, and have the doctor determine which picture he likes best. 

6. Once the technique and phototimer sensitivity have been determined, 
no further adjustments should be necessary and continued operation 
should give X-ray pictures of uniform quality. 
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Picker “ Minograph” 


Specifications 
Tube and hood stand 

Construction. Two pedestals connected by a ramp. 

Tube-to-hood distance. 36" to 50". 

Lift synchronization. Steel shaft through ramp with bevel gears 

at each end meshing with gears in tube 
and hood columns. 

Lift control. Motor and manual—right side. 

Stereo shift. Automatic 


X-ray generating system 

X-ray tube. 

Valve tubes. 

Line voltage. 

KV range. 

MA range. 

Photographic system 

Grid. . .. 

Fluorescent screen.... 

Camera. 

Pictures per 100-foot re 

Identification. 

70-mm. roll film timing 
14" x 17" radiography 

Protective screen . 

Packing 

Number of cases. 9. 

Weight. 1750# (approximate). 

Operating Instructions 

Calibration 

1. Set the film switch and phototimer switch to radiograph. 

2. Block off X-rays from the tube or turn the X-ray tube away from 
screen-hood assembly to prevent X-rays from fluorescing the screen. 

3. Turn on wall switch. 

4. Set safety timer dial to 2 seconds. 

5. Turn potential selector so that pointer coincides with red, dot at 
button No. 10. 

6. Turn filament control so that pointer indicates ”9.” 

7. Set the focus switch to W L” (large). The Picker PX-6C Dynamax 
tube has two focal spots both 1.5 mm. square. The Picker 3D Airflow 
tube has two focal spots, the large one either 4.2 or 5 mm. square, and 
the small one 2.3 mm. square. (See name plate on tube.) 


Picker PX-6C (Machlett insert). 
ML-3E (Machlett). 

110 and 220 volts. 

30-110 KV. 

0-200 MA. 


. 50 lines per inch—42" focus 16" x 17". 

. Green or blue. 

. 70-mm. Fairchild. 

►11. 375 (approximate). 

. 2 cards (IBM). 

. Phototimer. 

timing. Phototimer 

. Sheet metal—2 thicknesses. 
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Picker “Minograph”—Continued 



Figure 22. Controls for Picker *‘Minograph” unit . 


8. Turn on main switch and notice whether the neon warning light 
adjacent to the main switch indicates 110-volt line. If the machine is 
connected to 110 volts, the maximum operating current is 100 milli- 
amperes. 

9. Rotate the line compensator switch to right or left until kilovoltmeter 
in the meter unit registers in the red area. 

10. Press the exposure button and, with a screwdriver inserted in the 
slot of the "L” limiter, turn clockwise, observing how far the kilovolt*- 
meter drops below the red area, until the milliammeter reads 200 for the 
PX-6C tube. If the kilovoltmeter drops from the center of the red 
area to read less than 77 or drops more than 8 KV, it indicates that the 
milliamperage is too high to be carried by this line and must be reduced. 

11. Now set the focus switch to "S” and adjust the limiter until the 
milliammeter reads 200 MA for the PX-6C tube and 50 MA for the 2.3 
mm. spot of the PX-3D tube. 

12. If the PX-3D tube is used with self-rectification, when the focus 
switch is set at "L,” adjust the "L” limiter until the milliammeter reads 
75 MA for either the 5.0 or 4.2 mm. spots. Set the focus switch to "S” 
and adjust the "S” limiter until the milliammeter reads 30 MA for the 2.3 
spot on self-rectification. 

13. Now turn the timer dial to 5 seconds. 

14. Set the focus switch to "L.” 

15. Insert screwdriver in the slot of the "limits MA over 2 seconds” 
control and, while depressing the exposure button, adjust the control 
until the milliammeter reads 50 MA for the PX-6C tube and 30 MA for 
the PX-3D tube. The adjustment of this control will automatically 
reduce the milliamperage to safe values should the timer dial be acci¬ 
dentally set above 2 seconds. 

16. When the limiters "L” and "S” have been adjusted as well as the 
"limits over 2 seconds,” make a note of the reading of the filament meter 
for each milliamperage, for each type of tube, and for each focal spot. 



* 
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Picker “Minograph’*—Continued 


Record the readings of the meter, the type of tube and the focal spot 
upon the data plate attached to the protective screen. With the data 
so recorded for ready reference, the approximate milliamperage setting 
can be readily determined by noting the reading of the filament meter. 

17. Now that the unit is calibrated, set the film switch and the photo- 
timer switch tO MINOGRAPH. 

18. Set the KV and MA values prescribed by technique. 

19. Set the safety timer dial to not more than 1 second when operating 
the machine at 90 KV and 200 MA for either the PX-6C or the PX-3D 
tube. 

20. Take a series of test exposures at various density control settings of 
the phototimer and card illumination, and set the controls at positions 
that will give good photographs. The machine is now ready for survey 
operation. 

After the unit has been calibrated for the particular X-ray tube and 
film density, the following procedure can be followed for routine surveys: 


tom X-RAY TUB? 




iut U6H TS 01 fimn lint 
NNIINIirf|v(ft tea io a 

mvt Rtcrmra •» io ** 
silt tecum? 



LINE COMPENSATOR 



Figure 23. Trouble-shooting and primary adjustment panel for Picker 

**Minograph, ft 
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Picker “Minograph”—Continued 


1. Set film switch and phototimer switch to radiograph. 

2. Block off X-rays from the tube or turn the X-ray tube away from 
screen-hood assembly. 

3. Turn on wall switch. 

4. Set safety timer dial to two seconds. 

5. Turn potential selector so that pointer coincides with red dot at 
button No. 10. 

6. Turn on main switch. 

7. Rotate line compensator switch to right or left until kilovoltmeter in 
the meter unit registers in the red area. 

8. Adjust the filament control until the filament meter indicates the cor¬ 
rect value for the desired milliamperage. 

9. Press the exposure button and note the drop of the kilovoltmeter. 
If it exceeds 8 KV, reduce the filament control setting (milliamperage) 
until this limit is obtained. 

10. Set film switch and phototimer switch to minograph. 

11. Set the KV as prescribed by technique. 
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Westinghouse P. F. X. 


Spec ifica lions 
Tube and hood stand 

Construction. 2 bases, 3 upright columns, and 1 overhead 

bar. 

Tube-to-hood distance. 40" and 60". 

Lift synchronization. Connecting chain. 

Lift control. Motor drive—right side. 

Stereo shift. Automatic. 


X-ray generating system 

X-ray tube. 

Valve tubes. 

Line voltage. 

KV range. 

MA range. 

Photographic system 

Grid. 

Fluorescent screen. 

Camera. 

Pictures per 100-foot roll. 

Identification. 

70-mm. roll film timing. 

14" x 17" radiography timing 

Protective screen . 

Packing 

Number of cases. 

Weight. 

Operating Instructions 

Calibration 

The underload meter obviates the necessity for a milliammeter or 
for prereading voltmeters. Once the control is calibrated, turn the 
underload meter off and close the cover of the PFX control. After this, 
you car* turn your attention to the positioning of subjects and to the 
efficient operation of the equipment. 

The control stand is energized by pushing any one of the three buttons 
which are marked all patients, small patients, or large patients, 
respectively. A pilot light next to the button selected will indicate that 
the control is energized. Wait 30 seconds to allow the electronic tubes of 
the phototimer, the underload metering circuit, and the photo-identifier 
to come up to operating temperatures. Do not attempt to operate the 
control before this time has elapsed . 

When the tubes reach operating temperature, the phototimer is ready 
for operation. The X-ray tube filament will be at low heat, and the 


Westinghouse WRAA (Machlett insert). 
ML-3W or Westinghouse WL-387. 
190-250 volts. 

70-85 and 100 KV. 

125-140-170 and 200 MA. 

50 lines per inch—40" focus 17" x 17". 
Green or blue. 

70-mm. Fairchild. 

440 (approximate). 

IBM card and lead numbers. 

Phototimer 

Phototimer. 

Ma" lead or sheet metal. 

10 . 

1650# (approximate). 


447 


Digitized by Google 


Original from 

UNIVERSITY OF MICHIGAN 























Westinghouse P. F. X.—Continued 



Figure 24. Control panel for W est in" house “P. F. A'.” unit. 


indicator light on the camera (TO mm. only) will show that film is in 
position. 

When you press the exposure switch, you automatically do all the 
following in one operation: 

1. Turn on the rectifier valve tubes. 

2. Raise X-ray tube filament to operating temperature. 

3. Operate safety interlocks of the camera. 

4. Start rotor of X-ray tube. 

5. Energize photo-identifier. 

6. Apply current to the exposure monitor. 

7. Close main contactor (after 1 2 seconds delay to allow the anode 
rotor to reach full speed and the filament to reach operating temperature). 
The exposure is terminated automatically, by the exposure monitor ami 
filaments are de-energized automatically, but the rotor operates until 
pressure on the switch is released, at which time the film advances. 

The procedure for calibration using the underload metering device is as 
follows: 

J. Set voltage adjustment switch to "6.” 

2. Set safety timer to ff 0.2” second. (Number is circled.) 

3. Set meter selector switch to voltage. 

4. Turn toggle switch near meter to ON. 

5. Turn X-ray tube away from P-F hood. 
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Weatinghouae P. F. X. —Continued 

6. Push button marked small patients firmly. Do not strike the buttons . 
Push smoothly . 

7. After observing the lighting of the indicator tube below the meter, 
wait 20 seconds to allow the electronic circuits to stabilize. 

8. Hold down exposure bar until a deflection of the meter shows that an 
exposure has been made. Note the direction of the deflection. (The 
safety timer will buzz, indicating that the exposure terminated at 0.2 
second. Failure to hear buzzer indicates that enough radiation was 
reaching the screen to operate the phototimer.) 

9. Set voltage adjustment switch to a higher or lower value as indicated 
by the direction of deflection. Repeat exposures until deflection is at a 
minimum. 

10. Push button marked radiography, all patients. 

11. Set meter selector switch to 125 MA. 

12. Make exposure and observe meter deflection and adjust green 
adjustment potentiometer until meter deflection is at a minimum. 

13. Push button marked small patients and set meter selector to de¬ 
sired MA. It is necessary to calibrate only one MA value, either 125, 
140, 170, or 200. 

14. Make exposure and adjust amber MA adjustment until meter de¬ 
flection is at a minimum. 

15. Push large patients button and set meter selector at the desired 
MA value, the same as on amber station. Make exposure as before and 
set red MA adjustment for minimum meter deflection. 

16. Turn meter selector switch to voltage, push amber button, and 
make new voltage calibration as a check. 

17. Reset safety timer. Turn tube back to hood. Set safety timer for 
value indicated by X-ray tube rating chart; e. g., 0.5 second for WRAS-AA 
is safe for 100 KV and 200 MA.* When calibrating for MA values, use 
the highest MA permitting proper setting of the voltage by use of the 
underload meter. Do not try to calibrate while human subjects are being 
X-rayed since exposure time variations may cause misleading operation 
of the meter. 

18. Determine the correct density setting of the phototimer with trial 
exposures of subjects at various settings of the density control (under 
the camera hood). 

19. The machine calibrated and the phototimer set for the correct 
density, the equipment is now ready for operation. 

*S«« appendix C. 
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appendix b 


Phototimer Adjustments and Hand-Timer Technique 


Adjusting the Phototimer 

By controlling the length of exposure time, the electronic phototimer 
of the modern P-F machine determines the density and, therefore, the 
diagnostic quality of X-ray films. Uniform control of the exposure is 
accomplished by setting the film-density control (located on the 
control stand) at a given point before operations are begun at a location. 
Usually*, the film-density control is preset at the factory at an inter¬ 
mediate point in the density scale. Because of the changes which take 
place in electronic tubes during use, however, it is sometimes necessary to 
vary the phototimer or film-density setting in order to'obtain films of a 
desired quality. Therefore, trial films should be made at each new 
location in order to determine the most satisfactory phototimer setting. 

Since most phototimer or film density controls are graduated from 
zero to ten, at least eight test shots, or X-ray exposures, should be made 
to determine the most desirable density setting.* These should be made 
in the following manner: 

1. Set the density knob at "2.” 

2. Place the corresponding lead number at the front of the P-F hood in 
order to record the density setting used in this exposure (if the particular 
P-F machine in use does not employ lead numerals in the identification 
system, mark the identification device appropriately in order to identify 
your trial films). 

3. Position a subject, preferably one known or presumed to have no 
chest abnormality, and make an X-ray exposure. 

4. Change the density setting to the "3” position, mark the identifier 
correspondingly, and make another X-ray exposure. DO NOT X-RAY 
THE SAME SUBJECT MORE THAN TWICE. IF POSSIBLE, 
LIMIT SUBJECT’S EXPOSURE TO ONE X-RAY. 

5. Repeat this procedure for each interval of the graduated density scale 
up to the rf 8” or "9” position. 


•The density control of the North American-Philips P-F machine is graduated from aero to fifty. In 
this case, test shots may be made at every 5th or 10th interval of the density scale. 
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6. When the entire run of test shots has been completed, process the 
films in precisely the same manner as you would actual survey X-rays. 

7. Let the survey doctor examine the processed films to select the film 
which he finds most satisfactory from a diagnostic point of view. The 
density setting at which the chosen film was taken mav then be used for 
all survey operations at that location. 

It may not be necessary to take the full run of test shots if the P-F 
operator has an approximate idea of the proper density setting from 
previous test shots or location experience. For example, if at a previous 
location, the No. 4 setting of the density control knob was used, test shots 
can be taken at the No. 5, No. 4, and No. 3 positions. 

As a means of reducing to a minimum the use of actual subjects for test 
shots, the following technique may be employed: 

Place a 3-inch-square piece of brass, 0.025" thick, so as to cover the 
X-ray tube window. By setting the safety timer control on the photo- 
timer for 0.20 to 0.25 second cut-off, the phototimer density control can 
be adjusted so that an exposure will be terminated by the safety timer. 
A slight decrease in the density setting will cause the phototimer to cut 
off the exposure and this should be the starting point for your test ex¬ 
posures with actual subjects. (This piece of brass takes the place of a 
human chest and will cut down the number of test exposures required when 
adjusting a phototimer. The test procedure, however, should be used 
only for 90 KV-200 MA settings at approximately a 40" distance of 
the P-F machine.) 

Hand-Timer Operation 

When the automatic phototimer fails to terminate exposures, it is not 
at all necessary to discontinue survey operations for repairs. By the use 
of a safety timer or a synchronous timer, exposures can be successfully 
controlled and X-ray operations can continue uninterrupted. The fol¬ 
lowing values can be utilized to give satisfactory X-ray films: 


Chest thickness (cm.) 

KV 

MA 

Time 

15-18 (frail). 

85 

200 

Second 

0.1 

18-22 (average).. 

90 

200 

.2 

22—26 (heavy).. 

90 

200 

.3 

26—30 (very heavy). 

100 

200 

.4 



This technique will vary slightly from one ty r pe of machine to another, 
but with the X-ray tube-to-fluorescent screen distance at 40", readable 
pictures will be produced. 
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Calculations of Exposure Factors 

When changes in milliamperage (M), anode (or tube)-to-screen dis¬ 
tance (D), time (T), or kilovoltage (K) are encountered, it is possible to 
calculate the unknown exposure factors by the application of some simple 
arithmetical relationships as follows: 

Milliamperage-distance relationship 

The milliamperage (M) required for a given exposure is directly pro¬ 
portional to the square of the anode-to-fluorescent-screen distance (D). 
In other words, if you are working with a P-F machine about which you 
know the distance and milliamperage, and you are asked to work with 
another machine with a shorter tube-to-screen distance, you can compute 
the required milliamperage for the second machine as illustrated in the 
following example (assume kilovoltage and exposure time to be the same 
in both cases): 

Di=40" 

Mj=200 MA 

D 2 =36" 

M 2 =unknown 

M 1 :M 2 ::D 1 2 :D 2 2 

200: M 2 :: (40)*: (36) 2 
1600 M 2 =200X1296 
M 2 =200X1296 
1600 

M 2 = 162 

Milliampere-time relationship 

The milliamperage (M) required for a given exposure is inversely pro¬ 
portional to the time (T). Assume, then, that you know the milliam¬ 
perage and exposure time for one machine, and that the machine you are 
now working with will not give the same milliamperage; assume, too, that 
the tube-to-screen distance and kilovoltage are the same for both ma¬ 
chines. Calculate the new exposure time necessary for the second 
machine as in the following example: 

Mj=200 MA (first machine) 

M 2 =100 MA (second machine) 

Ti=0.1 second 
T 2 =unknown 

T t :T s ::M s :M t 

0.1 :T 3 :: 100: 200 

100 T 2 =200X0.1 

T 2 = 200X0.1=.2 second 

100 
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Time-distance relationship 

The exposure time (T) required for a given exposure is directly pro¬ 
portional to the square of the tube-to-fluorescent-screen distance. 

Assume that one P-F machine of a given tube-screen distance gives 
good pictures when exposures of a given time are made, and you are asked 
to work with a machine which has a shorter tube-screen distance. Cal¬ 
culate the exposure time for the new machine as in the following manner: 

Dj=42" 

D 2 =36" 

Ti= 0.3 second 
T 2 = unknown 


T t : T 2 :: D, 2 :D 2 2 
0.3 :T 2 : : (42) 2 : (36) 2 

1764 T 2 =0.3X1296 

03X1296=0.22 

1764 

T 2 =0.22 second time of exposure on second machine or 
approximately 0.2 second 

Kilovoltage relationships 

The kilovoltage variation is principally a question of obtaining sufficient 
X-ray penetration of the subject's chest to illuminate the fluorescent 
screen in such a manner as to give good diagnostic films. Since there is 
no especially great range of variations in the dimensions of human chests, 
it is not necessary to make many changes in the kilovoltage setting of the 
P-F machine during survey operations. Standard procedure calls for 
100 KV w r ith heavy-set subjects, 90 KV with average subjects, and 80 
KV for fra il subjects. 


453 


Digitized by Google 


Original from 

UNIVERSITY OF MICHIGAN 



appendix c 


Exposure Limits of X-ray Tubes 


The following tables indicate the safety exposure limits of the most 
commonly used X-ray tubes. The data presented in the tables apply 
only to single exposures. They do not hold true for conditions where 
many exposures are made in rapid succession. 


Dynamax 25 1-2 X-ray Tube 
(Machlett Dynamax 1-2 Glass Insert) 


MA 

100 KV 

90 KV 

80 KV 

70 KV 

60 KV 

Spot size 

200. 

150. 

100. 

50. 

sec. 

2.5 

4.0 

6.0 

12.5 

sec. 

3.1 
4.6 

7.1 
15.0 

sec. 

3.6 

5.2 

8.0 

17.0 

sec. 

4.4 

6.0 

9.0 

sec. 

5.1 

7.2 
10.1 

mm. 

2 

2 

1 

1 




General Electric CRT 1-2 X-ray Tube and Casing 
(General Electric CRT—1-2 Glass Insert) 

MA 

100 KV 

90 KV 

80 KV 

70 KV 

60 KV 

Spot size 

200. 

150. 

100. 

75. 

sec. 

3.8 

10.0 

3.5 

13.0 

sec. 

5.5 
13 2 
5.7 
23.0 

sec 

8.0 

17.0 

9.6 

sec. 

12.0 

22.5 

20.0 

sec. 

17.0 

1 . 

mm. 

2 

2 

1 

1 




i 


Westinghouse WRAS-AA X-ray Tube 
Picker PX-6C X-ray Tube 
iV. A. Phillips Dynamax 45 AA X-ray Tube 
Machlett Dynamax 25 AA X-ray Tube 
(Machlett Dynamax AA Glass Insert) 


MA 

100 KV 

90 KV 

80 KV 

70 KV 

60 KV 

Spot size 


see. 

sec. 

sec. 

sec. 

sec. 

mm. 

200. 

0.9 

1.3 

2.0 

3.0 

4.0 

1.5 

150. 

2.5 

3.3 

4.1 

5.1 

6.8 

1.5 

100. 

5.5 

6.7 

7.6 

9.0 

11.0 

1.5 

50. 

12.0 

15.0 

17.0 

1 

20.0 

25.0 

1.5 
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CHAPTER VUI 


W X-RAY THERAPY 

The Technician In Radiation Therapy 

R Is not the Intent of this manual to give the technician a complete understanding 
of all of the principles involved in X-ray Therapy. This can be gained only by years 
of experience and fay actual practice in the field. A therapy technician, however, should 
be acquainted with some of the general principles so that he may more efficiently serve 
the radiologist who is responsible for treating the patient. It is common practice for 
the assistant in therapy to be trained In this practical aspect by the radiologist who em¬ 
ploys him, since there is actually no standardization of technique In this field and it is 
usually more satisfactory for one to train his own assistant in his own methods. 

Of the utmost importance is the manner in which the patient is handled. A therapy 
technician must, above all, be kind and considerate for most of the patients are in a 
serious physical condition. Much of the therapy administered is designed only for pal¬ 
liation as many of the patients are in the terminal stages of cancer. It is necessary 
therefore that one exercise a greater degree of sympathetic understanding and avoid in¬ 
stilling apprehdhslon or fear in emotionally disturbed patients. 

It is never wise to discuss the patient's disease with him and in all cases any ques¬ 
tions directed to you should be referred to the radiologist in charge for answer. An 
x-xay therapy technician is never expected to prescribe treatment and should never ad¬ 
minister it except under the direct supervision of a qualified Medical Officer. 

Historical 

hi the earlier days of x-ray, taking an x-ray plate of a hand often exposed the 
patient to 10 minutes or more of unshielded irradiation. Sometimes a great portion of 
the patient's body and also that of the operator were exposed to very soft rays because 
of the unshielded tubes. There were a number of people who suffered severe damage 
to their hands and other parts of their bodies. These people are the martyrs of the eariv 
days of x-ray. Radiation injuries are not necessary with proper use of modern shielded 
equLjnnent. 

Many observers, seeing this effect on normal tissue, wished to explore its use in 
chromic skin conditions. They found that certain skin lesions did respond readily to the 
effects of the beam. As is common with any new modality, the new ray was used in a 
variety of diseases in an attempt to determine its efficacy. One is referred to the earlier 
textbooks to see the large number of conditions in which x-ray was tried. With the pass¬ 
ing of the years, the radiologists have gradually been able to crystalize their ideas con¬ 
cerning the efficacy of x-rays and its proper use and have become more appreciative of 
the dangers of unnecessary exposure to the rays. There are available excellent Hand¬ 
books written by the National Committee on Radiation Protection establishing the safe 
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standards of exposure. Technicians should be thoroughly familiar with these handbooks 
and should always comply with these principles. One is referred especially to Hand* 
book-41 which may be obtained from the Government Printing Office at a nominal price. 

Why Are X-Rays Used in Therapy 

X-rays have the following properties: 

a. They are invisible. 

b. They are transmitted through space in waves similar to light waves. 

c. ' They have no charge and no mass. 

d. They travel in straight lines with the speed of light - 186,000 miles 
per second. 

e. They cannot be reflected by ordinary means but can be reflected and 
refracted by means of crystals. 

f. They cannot be deflected by magnetic fields. 

g. They have the power of penetration. 

h. They will produce fluorescence and phosphorescence in certain substances. 

i. They will produce ionization with resultant chemical and biological changes. < 

j. They will produce heat in matter through which they pass to a slight degree. 

k. They will blacken photographic films. 

The properties of penetration and ionization are the main ones which make x-rays 
useful in the treatment of disease. 

The ionization that is produced by x-rays results in biological changes on both 
normal and abnormal (tumor cells). Since damage to a living cell is most marked dur¬ 
ing certain stages of its reproduction it becomes apparent that tumor cells reproducing 
more rapidly than normal cells should be more affected by x-ray. It is also apparent 
that the basis for x-ray therapy is this differential effect on normal and abnormal cells. 
The tumors which are the most anaplastic (rapidly growing) will usually be the most 
radiosensitive. Radiosensitivity is not the whole story, however, for many tumors that 
are quite sensitive to radiation are not necessarily cured by use of x-ray. These tumors 
are usually widespread in the body and not all areas of involvement can be' adequately 
exposed to x-ray. 

Conversely, some tumors such as cancer of the lip, that are rather insensitive to 
x-ray, are commonly cured because of their accessibility. They are also l imi ted to a 
small area of involvement and can thus be heavily irradiated and eradicated. 

Radiation is used for some benign and inflammatory conditions. The effect in these 
cases is usually on the leucocytes of the blood system. Most of the elements of the blood 
are quite sensitive to radiation, and much lower dosage may be used. One must be sure 
in benign conditions to use the minimum amount of radiation necessary to produce the 
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desired effect, since It is difficult to justify any untoward reaction in a disease that 
offers no threat to the life of the patient. 


In general, therapy is classified on the basis of penetration as follows: 


1. Superficial therapy . This includes most benign conditions, such as inflamma¬ 
tions and skin diseases. Smaller units capable of 85 to 140 KVP are used without filtra¬ 
tion or by additions of 1 to 3 mm. of aluminum or possible 1/4 mm. of copper. The 
treatment distances vary from 12 to 50 cm. Special types of superficial therapy at lower 
voltage ranges such as Grenz ray at 10 to 15 KVP and contact tubes with very high output 
with 50 to 100 KVP ranges are used. 

2. Intermediate therapy . This is most commonly used in treatment of malignancies 
and is usually given in a range of 200 to 400 KVP with 1/4 mm. copper filtration or up to 
5 mm. of copper. Often a special filter is used, the so-called "THORAEUS filter" which 
is a combination of tin, copper and aluminum. By its use a higher effective filtration is 
gained with less reduction of output. 

3. Supervoltage therapy employs ranges from 400 KVP to 2 MEV or greater. Here 
the effective filtration may be equivalent to as much as 15 mm. of copper. In recent 
years, there have been developed some extremely penetrating forms of radiation through 
the use of linear accelerators, Betatron and other supervoltage generators. In general, 
the latter are not commonly used at this time in radiation therapy but are under experi¬ 
mental trial. The acceleration of protons and electrons may offer some future advantage 
In therapy. 

Half Value Layer 


The various forms of radiation therapy are often difficult to reduplicate from one 
department to another. It has, therefore, been common practice to attempt to define 
the penetration of the various forms in terms of Half-value layers (HVL). This, in 
general terms means the amount of a filtering material such as aluminum, copper or 
lead necessaiy to reduce the output of an x-ray beam by one-half. 

For example, if a Vlctoreen "r" meter used in measuring output were placed in an 
x-ray beam and Interposed between it and the beam, one placed various thicknesses of a 
filtrating material and measured the output on the meter, it is apparent that one could 
determine the amount required to reduce the beam to one-half its original output. This 
thickness of material is called the half value layer of the beam. 

hi this manner various x-ray units may be compared with each other in the quality 
of their x-ray beam. Beams with the same half value layer are quire similar in their 
physical and biological effects. 
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Filters 


One may increase the energy of a beam by increasing the filtration. It is apparent 
though that there will be a point at which the output is reduced to such a low figure that 
treatment becomes too time consuming. The action of a filter is not the same as the 
action of a sieve, it is a matter of absorption. Rays of all wave lenghts lose some of 
their energy but the resultant average is higher. 

Characteristic Radiation 


In addition to the radiation that passes through any filter, there is bound to be sec¬ 
ondary radiation emanating from the filter itself. This radiation will be characterstic 
of the element that is used as the filter. The radiation from aluminum Is quite soft and 
nonpenetrating and Is absorbed by several centimeters of air and in practical experience 
can be disregarded because of the distance from the filter to the skin of the patient. On 
the other hand, the characteristic radiation of copper is much harder and can be quite 
readily absorbed by Interposing a thickness of aluminum Thus, in many units a com¬ 
bination filter is used and usually the most dense material is placed nearest the tube 
with less dense nearer the patient, e.g., lead - tin - copper - aluminum. Thus the 
harder characteristic radiation is removed in each case by the next material. 

hi practical use it is desirable to make the x-ray beam as homogenous as possible. 
In wave length with Grenz ray therapy cellophane filters are used. With superficial 
therapy aluminum is most common and for the higher kllovoltages, lead, tin, copper and 
aluminum are used. 

Calibration of Units 


The calibration of x-ray therapy units lies in the realm of the radiation physicist. 
The units should be calibrated more frequently after their original installation, say at 
weekly intervals until there is no evidence of change from repeated calibrations. The 
determination of the half value layer is generally made by the physicist for the benefit 
of the radiologist so that he may transcribe abstracts of patient's therapy in terms that 
will be understood by other radiologists. It is important from a medical-legal aspect 
that units be calibrated often enough so that there is no obvious variation from the factors 
recorded. This may mean, in a well established department, every three months to one 
year or after any unusual repair to the unit such as replacement of an x-ray tube or 
procurement of additional cones or change of filter material. 

The calibration of each unit should be posted in a conspicuous place near the control, 
signed and dated by the physicist performing the measurement. It is always wise for the 
radiologist to double check all measurements himself since he is basically responsible 
for the accuracy. This is, in general, a good principle in other realms of x-ray therapy 
such as having two people check the fact that filters are in place, that the minute settings 
and timer are actually set for a desired dose. 
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SCHEMATIC DIAGRAM OF VICTOREEN "r" METER 



THE VICTOREEN CONDENSER "r" METER 
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Calibration of Machine 


The measurement of output of x-ray therapy units is generally determined by the 
use of a delicate Instrument called the Victoreen "r" meter. This is a fragile Instru¬ 
ment and should always be stored In a safe, dry place. S storage Is to be for more than 
a few days, the batteries should be removed from the Instrument to prevent leakage. 

One will notice on the bottom of the case a small desiccator chamber which is partially 
filled with silica gel and a wad of cotton, Inspection will reveal the humidity of the instru¬ 
ment since silica gel has the property of turning pink when water soaked, but if these 
crystals are placed in an oven at 300° F (129° C.) the normal blue color will be restored 
indicating a dehydrated condition. The silica gel performs the function of absorbing 
moisture from the motor case which would normally affect the accuracy of the Instrument. 
Be sure and allow the silica gel to cool before replacing in the instrument. S inspection 
of the instrument at any time reveals a pink color, one should take out the silica gel as 
described above. The unit should also be recalibrated by the manufacturer or the Bureau 
of Standards every 6 to 12 months. The operation of the instrument ia dependent on the 
ionization that takes place within the small thinble chamber which is placed in the x-ray 
beam for an actually determined period of time. The chamber Is first charged by connec¬ 
ting this to the battery case and rotating the friction wheel on the side. A light illumin¬ 
ates the scale seen in the eyepiece. As tiie friction wheel is rotated the fine hair line will 
gradually approach the zero mark. The thimble chamber is then detached from the case 
and placed in the x-ray beam for possibly 1/2 to 1 minute dependent on the size of the 
chamber and the output of the machine. If a 25 "r" chamber is used, the measuring time 
should fall in the lower half of the scale, say in a machine with an output of 30 "r" per 
minute a 1/2 minute time would be used. If on the other hand a 250 "r" chamber is used, 
one may make measurements of 3 minutes and Increase the accuracy of the measure¬ 
ment, the x-ray beam falling on the thimble chamber ionizes the gas within the chamber 
and discharges it. After the chamber has been exposed to x-ray, it is then reconnected 
to the case of the unit and the amount of discharge is read directly off the Visual scale. 

(S is common practice to zero the instrument before reconnecting the chamber to com¬ 
pensate for any leakage that may occur during the exposure of the chamber). 

The visual scale seen through the eyepiece is usually a double scale reading either 
0-25 or 0-250 and to accommodate either thimble chamber used. The Victoreen "r" 
meter is quite dependent on certain kilovoltage ranges, say from 100-250 KVP and if it 
is to be used at higher voltages, for example, 1 or 2 MEV, additional thicknesses in 
the form of a luclte cap must be manufactured to cover the thimble chamber or an error 
will exist in the reading to the fact that the rays are more penetrating and less lnlozatioa 
occurs within the thimble chamber. The additional thickness of the cap corrects for this 
loss of ionization. 

After the "r" per minute output has been determined, it is generally most conven¬ 
ient to prepare tables by calculation,indicating the length of time required to give a cer¬ 
tain quantity of x-ray, such as 100 to 300 "r" the usualy daily fractionation dose for 
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most therapy cases. This will save considerable daily calculation and also may pre¬ 
vent inaccuracies. 


SAMPLE THERAPY TABLES 
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Note: These tables apply only to the particular units for 
which they were prepared. 
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The accuracy of output of various units is extremely important since experience 
will show that in the superficial units, the difference between no filter and 1 milli¬ 
meter of aluminum may represent a difference of approximately 400 t output per min¬ 
ute and 250 r output per minute with the filter in. This could, in certain cases, repre¬ 
sent the difference between too much and not enough x-ray. ft will also be noted that 
as one goes to the more penetrating kilovoltages that the output of the unit per minute 
usually decreases. If one recalls from their basic training in electricity that the 
power factor is equal to the Voltage X the current, this is readily understandable. 

X-ray therapy tubes are, in general, similar to the radiographic tubes, but are 
of heavy duty type because of the fact that they must be operated continuously for long 
periods and at relatively high potentials despite the fact that the current used is low, 
thus these tubes have special problems in regard to heat dispersal, insulation and 
high potential stresses. Some of the tubes used in the superficial units at voltages 
below 100 KVP and 5 MA operate without special cooling devices or possible with a 
small air cooling fan. In the intermediate therapy range, however, the tubes are 
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usually immersed In oil and shock proof mounted and this oil must be circulated and 
cooled either by a heat exchanger using air or water in much the same m a nne r as 
the radiator of an automobile. Some of the supervoltage units use inanlating gases 
such as nitrogen.and carbon dioxide and possible freon or other similar gases and 
these gases are cooled by tubes circulating water or other cooling mixtures. 

Operation of the Therapy Unit 

The operation of the units will usually be one of the main duties of the x-ray ther¬ 
apy technician. It is important, therefore, that he thoroughly understand his duties 
with regard to a specific unit before he attempts their operation alone. This usually 
means considerable supervision during his training period. It is Impossible to set 
forth here the rules that will apply for any specific unit since there is a considerable 
variation in operation. Needless to say it is important for a technician to be as famil¬ 
iar with proper operational data as he would be familiar with the controls of an auto¬ 
mobile bn a busy highway, since not only severe injury to a patient could be acciden¬ 
tally incurred but also extremely expensive equipment may be permanently damaged. 
The therapy tubes, on even units of intermediate voltage, may cost several thousand 
dollars and could be ruined in a matter of a few minutes of Improper operation. 

The x-ray circuits of therapy units are usually extremely simple since the opera¬ 
ting current is low and the necessity for rapid timing is absent, hi general, there is 
usually an autotransformer which establishes the operating potential and in this cir¬ 
cuit there may be introduced a rheostat which allows resistance to be gradually re¬ 
moved from the circuit so that the full load is not reached Instantaneously. Most 
units require a period of warm-up before full operation can be reached. This may 
vary from a few moments to 10-15 minutes and usually consists of starting at a low 
kilovoltage and milliamperage and step by step increasing the load on the unit until 
full operation is attained. One should be sure that he is fully informed of the warm¬ 
up procedure for the particular unit that he is going to operate and that he follows it 
meticulously. Most units also require a period of cooling off following operation after 
the x-ray has been terminated during which the control panel remains on so that the 
cooling mechanisms will continue to operate. This may be a matter of several min¬ 
utes. hi many units one should be extremely careful not to change autotransformer 
settings while the x-ray tube is in operation for there may be resultant arcing across 
the autotransformer contact points which will damage the machine. 

One should know what all the meters on the panel measure and the normal opera¬ 
ting readings of these meters and call attention to any variation to the radiologist in 
charge: This is extremely important for the reason that calibration of the unit de¬ 
pends entirely on a standard operation of the machine. 

One should never leave the controls of the unit while it is in operation and one 
should always pay strict attention to both the patient, seen through the protective 
window, and the operation of his therapy machine. If a patient moved during therapy, 
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treatment should be terminated Immediately and the patient repositioned. This may 
be difficult In cases of children and proper restraint may be necessary. 

Extreme care should be exercised by the technician in the adjustment of the 
machine during the setting up of the patient for therapy. Frequently the units are ex¬ 
tremely heavy and a patient might be Injured by the unit during its adjustment. Care 
should be exercised in the positioning of’ patients to be sure that they are. in a restful 
position and under no physical strain in order to hold themselves still. This may be 
accomplished by the judicious use of sandbags and other restraining devices. 5 pos¬ 
sible all areas that are exposed to the field and not incident to the treatment should be 
shielded. This is especially important in the protection of certain sensitive tissues 
such as the eyes, laxynx, ear lobes, hairlines, hair; flexural surfaces such as the 
groin, popliteal areas, and neck. This shielding may be accomplished by lead squares 
with various sized openings commonly used by a visual localizer attachment to the 
therapy unit which indicates only the area under treatment or by the use of various 
sized cones that restrict the field of treatment. 
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FUNDAMENTALS OF DOSIMETRY 


Because it is difficult - if not downright impossible - to make accurate measure¬ 
ments of the intensity of an x-ray beam at various points along its path through the body 
tissues, practical x-ray dosimetry must rely on indirect methods of determining tissue 
dosage. These methods are based on the two factors that can be measured easily and 
accurately; (1) the intensity in air (air-dose rate) of the primary beam, and (2) the 
Half Value Layer of the primary beam. 

How one uses these basic factors in making accurate dosage estimates and in plan¬ 
ning treatments is the interesting story of practical x-ray dosimetry. 

Skin Dose vs Air Dose 


Let us suppose that we put a radiation measuring device in the beam* of a typical 
x-ray therapy machine, as in Fig. 1, and find it to read 60 roentgens per min ute at a 
point in air 50 cm. from the focal spot of the tube. 



This is called the "air-dose" rate (in spite of the fact that it is not really a dosage of 
anything). 

If we now make another reading under identical conditions but with a patient in 
place, as in Fig. 2, so his skin is exactly 50 cm. from the focal spot, we find the beam 
intensity, or skin- dose rate, to be 90 roentgens per minute, despite the fact that we 
have not changed any of the operating factors of our x-ray unit. 


*Assume the Half Value Layer to be 1.0 mm. Cu., 


and field size to be 100 cm 
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Fig. 2 

Why this difference between the "air-dose" rate and the skin-dose rate ? Fig. 3 
shows us that "backscatter" is the answer. We are now measuring not only the primary 



beam but also secondary radiation that has been scattered back from the patient's body. 
The importance of backscatter is readily apparent when you see from this example that 
it can add to the total skin-dose rate half again as much as the primary beam. 

fflriw nose vs Field Size 

Now, without making any change in the operating factors of our machine, let us put 
a cone on the tube, as in Fig. 4, so that the primary beam is limited to a relatively 
small field - say 20 sq. pm. We now find that the skin-dose rate has been reduced to 
75 r/min. (Still greater than the "air-dose" rate, but less than when we had no cone.) 
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SKIN DOSE 



Fig. 4 


This is logical, when you stop to think of it, for we are now irradiating a smaller volume 
of tissue and therefore creating less secondary radiation that can backscatter to the skin. 

H you want to determine the skin-dose rate on the basis of the "air-dose" rate, you 
must, therefore, consider the size of the treatment field. In general, the larger the 
field, the greater the amount of backscatter and the greater the difference between skin 
dose rate and "air-dose" rate (see Fig. 5). 



Skin Dose vs Beam Quality 

What we have Just seen suggests that something else may affect the skin-dose rate.. 
the penetrating power of the x-ray beam. Looking at Fig. 6, we see that if the primary 
beam were relatively "soft" so as not to penetrate very far below the skin, we would ex¬ 
pect less backscatter than in the case of a "hard" primary beam because the volume of 
tissue giving rise to secondary radiation would be less. 
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Fig. 6 

Actual measurements show this to be true - up to a point. The relationship between 
backscatter and penetration is not a simple one based solely on the volume of tissue 
penetrated. It is complicated by the fact that, for reasons we won't go Into now, the sec¬ 
ondary radiation tends to be more and more In the forward direction of the primary 
l>eam as the primary beam becomes more penetrating. 



Fig. 7 

S peaking In terms of Half Value Layer (the most useful index of penetrating power), we 
can say that backscatter to the skin varies with H. V. L., reaching a maximum value 
when the H. V. L. is about 0.5 mm. Cu. 

Depth Dose vs Skin Dose 

Obviously, finding out the skin-dose rate is only part of the Job of planning treat¬ 
ments and estimating dosages ... even for the dermatologist. When he Irradiates a skin 
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lesion, he must be careful about the dose he delivers to the healthy underlying tissues. 
Likewise, the radiologist who treats a deep-seated tumor must be careful of the dose 
he delivers to the skin and other intervening tissues In the process. This is because the 
conventional x-ray beam does not distinguish between healthy and pathological tissues. 
In general, it will destroy the one as readily as the other. 

Therefore, each must know the relationships between the dose rate at the skin and 
the dose rates at different points in the tissues that lie beneath it. In other words, each 
must deal with "Percentage Depth Dose", as illustrated in Fig. 8, and the factors that 
affect it. 



Depth Dose Set’s 
SkitiDose Rote 


Fig. 8 

Percentage Depth Dose 

This term is used to express the dose rate in underlying tissue in terms of the dose 
rate on the skin above it. More specifically, Percentage Depth Dose is the number of 
roentgens that will be delivered to a point in tissue while 100 roentgens are being de¬ 
livered to the skin above it (at the center of the treatment field). 

Thus, to say that the Percentage Depth Dose at a point 10 cm. below the skin Is 31 
means that, for every 100 roentgens you deliver to the skin, you will deliver only 31 to 
a tumor ten centimeters below the skin. 

Measurement of Depth Dose 

Now the actual measurement of the dose or dose rate in the tissues underlying the 
sldn is practically Impossible unless you are dealing with points in tissue that are in or 
near body orifices into which radiation measuring device can be inserted. It is, however, 
relatively easy to predict the dose rate at various points in living tissue by making mea¬ 
surements on a "phantom", something like the one in Fig. 8. 
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Use of « 
Piianto* 


Fig. 9 

A "phantom" is a volume of wax, presswood, rice, or water, usually built up to a 
thickness of 20-30 cm. and having an area of 20 x 20 cm. or more. Since these mater¬ 
ials absorb x-radiation in much the same way as living tissues, they can be used as a 
substitute for the human bo # dy when you want to measure the "tissue" dose rates at any 
Point below the "skin". 

Without making any measurements, we can be sure that the "tissue" dose rate at a 
point below the surface of the phantom in Fig. 10 will be less than the "skin" dose rate 
for at least two reasons: 



Fig. 10 

1. The underlying tissue is further away from the focal spot 
or source of x-rays than the skin, and therefore should 
find the radiation less intense. 

2. The intervening tissues will have removed some of the 
radiation from the beam by absorption. 
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How Distance Affects Air Dose Rate 



Fig. 11 

Let us suppose that we measure the air-dose rate under given operating conditions, 
and find it to be 60 r/min. at a distance of 50 cm. from the focal spot. When we make 
a similar measurement, but this time at 70 cm. from the focal spot, the "air-dose" 
rate turns out to be only 30.5 roentgens per minute. This is because of the Inverse 
Square Law - a mathematical statement of something we already know: the further 
away you get from the source of radiation (light, heat, etc.) the less intense it gets. 
The Inverse Square Law can be written as in Fig. 12: 


Intensity at B m A a 
Intensity it A B* 

.nu-yB 

IntmsHyetB* 


Fig. 12 

Now let's see how the Inverse Square Law affects and can be used to control 
Percentage Depth Dose. 
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'Treatment Distance va Depth Dose 


Fig. 13 shows the "air-dose" rates at points 50 cm. and 60 cm. from the focal 
spot as calculated by using the Inverse Square Law. It tells us that, disregarding all 
other factors, placing the patient's skin at the 50 cm. distance (where the dose rate is 
60 r/min.) will result In a dose rate of 41.6 r/mln. at a tumor 10 cm. below the skin. 



Treatment Distance v&DepthDose 


Fig. 13 

hi other words, the Percentage Depth Dose at the tumor is 69.4. - = 69.4% 

when the focal sldn distance is 50 cm. 60 

Now look at Fig. 14: 



Fig. 14 

Here we see the "air-dose" rates at points 70 cm. and 80 cm. from the focal spot, hi 
this case (again disregarding all other factors), placing the patient's skin at the 70 cm. 
d ista n c e (where the dose rate is 30.5 r/mln.) will result In a dose rate of 23.4 r/mln. 
at a tumor 10 Cm . below the skin. 
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23 4 tm 

Iii other words, the Percentage Depth Dose at the tumor is 76.7. * _ = 76.7% 

30.6 

when the focal skin distance is 70 cm. 

Fig. 15 summarizes how the Percentage Depth Dose can be increased by using a 
greater focal skin distance and vice versa. (We Bee also that the improvement in Per¬ 
centage Depth Dose is obtained at the expense of lowering the tissue dose rate, at the 
tumor from the 41.6 r/min. we had with a 50 cm. focal skin distance to 23.4 r/mln. 
with the 70 cm. focal skin distance.) 



Fig. 15 


Tissue Absorption vs Depth Dose 

Remembering that these examples are purely theoretical, since they disregard 
tissue absorption and backscatter, let us put our "phantom" in the beam and make 
some actual measurements, as in Fig. 16: 
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TISSUE ABSORPTION V.S. DEPTH DOSE 
Fig. 16 


Placing it so the focal-"skln" distance is 50 cm., we find that the "skin" dose rate 
is 90 r/min. (Just as we found before). Measuring the "tissue" dose rate 10 cm. below 
the surface, we find it to be 36.9 r/min. This means that the Percentage Depth Dose 
at a tumor 10 cm. deep would be 41, because 36.9 _ ^cl 

90 


In other words, for eveiy 100 roentgens delivered to the skin, only 41 would be 
delivered to the tumor when the treatment distance is 50 cm. 

Now refer to Fig. 17: 

■c 



Fig. 17 
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Having placed the phantom 70 cm. from the x-ray tube, we find the skin-dose rate 
to be 45 .8 r/min., while the tissue dose rate 10 cm. below the skin turns out to be 20.6 
r/min. This means that the Percentage Depth Dose at a tumor 10 cm. deep is 45 be¬ 
cause - 45 %, 

In other words, for every 100 roentgens delivered to the skin, 45 would be delivered 
to the tumor, when the treatment distance is 70 cm. 

Fig. 18 summarizes the effect of focal skin distance on Percentage Depth Dose. 
These Percentage Depth Doses are considerably less than the values we calculated orig¬ 
inally on the basis of the Inverse Square Law because we are now dealing with an x-ray 
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Fig. 18 


beam that has been weakened or attenuated through being absorbed by 10 cm. of phantom 
before reaching the point of measurement. This does not, however, alter the fact that 
increasing the focal-sldn distance will Increase the Percentage Depth Dose and vice 
versa. 


Field Size vs Percentage Depth Dose 

Fig. 19 shows how the dose rate at any point in tissue is, like the dose rate on the 
skin, made up of two contributions: that of the primary beam, and that of secondary 
radiation scattered to it from other parts of the irradiated volume. For this reason, 
we might expect some of the factors that affected the sldn dose rate also to affect the 
tissue dose rate. 
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*£=41% 

Depth Dose 


Contributions to Tissue Dose 
Fig. 19 

So, in Fig. 20, we put a cone on the x-ray tube to limit the primary beam to treat¬ 
ment field of 20 sq. cm. We find (as we did in Fig. 4) that the «ldn dose rate is 
75r/min., and, measuring the tissue dose rate 10 cm. below the surface, we find it to 
be 15 r/min. This means that our Percentage Depth Dose at a tumor 10 cm. deep 
would be 20 because 15 

76 * **• 

In other words, for evexy 100 roentgens delivered to the skin, only 20 would be de¬ 
livered to the t umo r. 


#= 20 % 
Depth Dose 



Fig. 20 

So we see that the Percentage Depth Dose depends on the size of the treatment 
field, increasing as the field gets bigger and vice versa. (Field size is determined by 
the size of the tumor and cannot therefore be used to vary or control Percentage Depth 
Dose. It must always, however, be considered in calculating tissue dosage.) 
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Half Value Layer vs Percentage Depth Dose 


Increasing the penetrating power of the primary beam may well be expected to 
affect the Percentage Depth Dose at a point in tissue by increasing the amount of sec 
ondary radiation that can be scattered to it, as shown in Fig. 21. 
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Fig. 21 

As a matter of fact, typical measurements show that if the Percentage Depth Dose at a 
point 10 cm. deep is 30 when the Half Value Layer is 1.0 Cu., it will increase to 34 
when the Half Value Layer is raised to 2.0 mm. Cu. 

Depth A Factor, Too 

Finally, among the factors that Influence tissue dose, we must remember to include 
the obvious factor of the depth we are Interested in, as shown in Fig. 22. 


Defdiin cm %DepthIW 



Fig. 22 
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The Percentage Depth Dose of tissues Immediately below the skin will, of course, 
be much higher than is the case with tissues 5, 10, or 15 cm. below the skin. 

We have now seen that the relationships between "air dose" rate, skin-dose rate, 
and depth-dose rate are affected by all these factors (see Fig. 23): 

1. Half value layer 

2. Focal skin distance 

3. Field size 

4. Depth in tissue 



Since each one of these factors can have so many different values, it is easy to see that 
a careful radiologist might wind up by spending more time making measurements than 
treating patients. Fortunately, however, depth dose tables based on hundreds of careful 
measurements with specially designed equipment have been prepared to help the radiol¬ 
ogist calculate the dose rates at various points in tissue with greater accuracy than he 
could readily obtain by ma king the measurements himself. 

The extracts shown in Figs. 24 and 25, taken from standard depth dose tables* 
would result from applying radiation of the quality and Intensity provided by typical 
modern deep therapy machines**. 


Thus, once the intensity in air and the Half Value Layer of the primary beam have 
been determined by a qualified physicist, the radiologist has all the data he needs from 
which to work out the dose rate at various points in tissue under a wide variety of con¬ 
ditions. 


*"A Survey of Depth Dose Data" - Mayneord and Lamerton, B r. Jnl. Rad. XIV, 164, Aug. '41 

** Picker Vanguard 
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Half Value Layer 


1.0 mm. Cu 


Focal Skin Distance 

50 cm. 

70 cm. 

Air Dose Rate 

130 r/min. 

66.6 r/min. 

Field Size 

100 sq. cm. 

20 sq. cm. 

100 sq. cm. 

20 sq. cm. 

Skin Dose Rate 

177 r/min. 

158.5 r/min. 

90.5 r/min. 

81.2 r/min. 

Tissue Dose Rate 

58.1 r/min. 

35.6 r/min. 

31.2 r/min. 

19.1 r/min. 

(10 cm. below skin) 
Depth Dose % (10 cm.) 

32.8% 

22.4% 

34.5% 

23.5% 


Fig. 24 


Half Value Layer 
Focal Skin Distance 


4.0 mm. Cu 
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/ 
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Field Size 


^9^r/min 
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cm. 



Skin Dose Rate 


Tissue Dose Rate 
(10 cm. below 
Depth Dose % (10 


31.9 r/min. 


i-9.0 r/min. 

MKjSX “• 

8 . 2 % 


14.8 r/min. 

100 sq. cm. 20 sq. cm. 
17.5 r/min. 16.3 r/min. 

7.2 I0nin. 4.8 r/mln. 

41.5% 29.5% 


Fig. 25 
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planning the Treatment 


Conventional depth dose tables tell us how to improve the ratio of tumor dose to 
skin dose (Percentage Depth Dose) by (a) Increasing the Half Value Layer of the primary 
beam or (b) by using a greater focal skin distance. They also tell us how the field size 
affects the situation. But they do not show us how to make the tumor dose greater than 
the skin dose. As a matter of fact, they tell us that, within the limits of conventional 
mradiaiion qualities and treatment distances, the healthy tissues that lie between the tube 
snd the tumor will always be subjected to a higher dose rate than the tumor we want to 
destroy. 



Yet, in spite of this basic fact, the radiologist must find some way of complying 
with the two widely accepted rules* of tissue dosage, shown in Fig. 26: 

1. To destroy a tumor, you must irradiate it with a dose 
of about 5000 roentgens. 

2 . No area of the skin should receive more than 3000 roentgens 
during the course of treating an underlying tumor. 


”* Obviously there will be many deviations from these "rules" in actual practice. 
Greater skin doses are often applied by extending the course of treatment over 
longer periods of time. Greater or less tumor dosage may be desirable for one 
reason or another, 


479 


Digitized by Google 


Original from 

UNIVERSITY OF MICHIGAN 




J k 

*&■ 


1. Tumor Dose -at least 

5000 r. 

2. Skin Dose -not more than 

3000 r. 


Fig. 26 

The radiologist's dosage problem can be summarized like this: how can he deliver 
more roentgens to the tumor than to the skin (and intervening healthy tissue) when the 
skin dose rate will be higher than the tumor dose rate with any x-ray beam he is likely 
to have at his disposal? 

Cross-Fire Technic 

One of the first ways to solve the problem is to use a cross-fire or multiple portal 
technic. To see how this is done, let us first assume that he is treating a tumor In the 
center of a cylindrical body whose radius is 10 cm. For the purposes of this explana¬ 
tion, we'll assume, furthermore, the conditions shown in Fig. 27: 


i I 1 

I I \ 

i i \ H.V.L .- l.Ocm.Cu. 

'' 1 ' T.S.D.-socm. 

Beta - ioo cm? 
-DoseHate at T 

32 . 8 % 



Fig; 27 
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Since the radiologist can safely deliver up to 3000 r to the skin, he can direct the 
beam as shown in Fig. 28, and deliver 984 roentgens to the tumor (32.8% of 3000) before 
the skin dose reaches the permissible limit. 



Fig. 28 

He next (Fig. 29) directs tie beam at the tumor from a different angle and delivers 
984 more roentgens to the tumor by the time he has built the skin dose at the second 
portal to 3000 roentgens. 

> i t 

3000 r. 

984 r. 

4 984r 

total 1 968 r. 

Fig. 29 
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Proceeding in this fashion (Fig. 30), he finally builds the tumor dose up to 4920 
roentgens by using 5 treatment ports. 


(j) 984 (i) 



Fig. 30 

While he might settle for this tumor dose, he would be more likely to use 6 portals 
in a program of treatment that would work out as shown in Fig. 31: 



Fig. 31 

Under this plan, the skin dose involved in each of the 6 beams would be well under 
the 3000 r limit, while the accumulated tomor dose would have reached the desired 
value. 
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Effect of H. V. L. on Cross-Fire Technic 


Thus It is possible, in principle at least, to deliver a tumoricldal dose without 
damaging the skin. Since this can be done with a primary beam whose Half Value Layer 
is only 1.0 Cu., one might be Inclined to ask "why, then, do you bother trying to in¬ 
crease the Percentage Depth Dose by using greater Half Value Layers or longer focal- 
skin distances, as many radiologists in fact do"? 

The answer will be clear when you see, in Fig. 32, what would have happened if 
the radiologist were to' have used a primary beam with a Half Value Layer of 4.0 mm. 
Cu. in the case we just discussed. In this case, the Percentage Depth Dose at the tumor 


H.V.L.« l \ 
LOwmjCu. I \ 



' \ H.V.L • 

1 ' -Cm. 



00.39.4/1 


Fig. 32 


would have been 39.4 (according to the standard depth dose tables). This would have 
enabled him to deliver 1182 roentgens (39.4% of 3000) to the tumor before the skin dose 
reached the 3000 roentgen limit that would have forced him to move on to another field. 


Actually, his treatment plan would probably work out to something like that shown 
in Fig. 33: 
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Fig. 33 
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Thus, with a H. V.L. of 4.0 mm. Cu., he could have delivered the same tumor 
dose and the same safe skin doses while using only 5 instead of 6 cross-fired beams. 

The logical extension of multi-portal or cross-fire technics is to use, in effect, 
an infinite number of portals by rotating the beam about the patient. 

The principles of rotational therapy will be easy to understand if we continue to 
assume that we are dealing with a tumor at the center of a cylindrical patient 20 cm. in 
diameter. Let us furthermore assume that the radiation quality, the dose rates, and 
the field sizes are such that the dose rates at the skin and at the tumor are as shown in 
Fig. 34. 

Under these conditions, let us see what happens when we rotate the x-ray tube 
around the patient keeping the beam directed at the tumor throughout one entire revo¬ 
lution. 



Fig. 34 

If we cause the tube to travel at the rate of one revolution per minute, it is easy to 
calculate the skin dose. Since the circumference of a circle 20 cm. in diameter is 
62.8 cm., the beam will travel past each point on the skin at the rate of 62.8 cm. per 
minute. 

Since the beam is 10 cm. across, each point on the skin will be in the beam for 

- A — = 0.16 minutes. 

62.8 

This means that the dose to each point on the skin will be 0.16 x 177 = 28.3 roent¬ 
gens. 

Our tumor dose of 58.1 roentgens is now (Fig. 35) 205% of the skin dose! With a 
single field the tumor dose would have been only 32.8%. 
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NET SkinDose 

^ per revolution 

\ 28.3 r. 

'NET TumorDoM 

^ per revolution* 

58.1 r. 


Fig. 35 

The principles demonstrated by this example will apply, of course, regardless of 
the radiation quality we use, and regardless of whether we keep the beam fixed and 
rotate the patient, or vice versa. It should always be remembered that the benefits of 
rotational therapy are the results of using the principles of geometry and are not the 
attributes of any particular quality of radiation or any particular source of radiation. 

Exit Dose 


While the principles of cross-fire and rotation therapy we have been discussing 
seem straightforward and logical, the calculation of dosages in actual practice is quite 
complicated. Our examples have overlooked, for Instance, one very important practi¬ 
cal factor, namely: Exit Dose (as shown in Fig. 36). 
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Fig. 36 
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While the dosage of those areas of the skin that He between the tumor and the radia¬ 
tion source Is of prime Importance in radiation dosimetry, the radiation that passes 
through the tumor and reaches the skin behind it must also be reckoned with. 

The exit dose rate, for any given beam In the conventional therapeutic range, is 
less than the tumor dose rate and much less, of course, than the entrance dose rate. E 
we take, for example, a boty 20 cm. thick, typical entrance, tumor (10 cm. deep), and 
exit dose rates, like those shown in Fig. 37, would result. 
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Fig. 37 

Looking at Fig. 38, we see that, when rotational therapy is actually practised, the 
dose delivered to any point on the skin is equal to the sum of the dose delievered while It 
is between the tumor and the source plus the dose delivered to it while it is in the beam 
but on the side of the body beyond the tumor. 
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Simply stated, the dose rate on the skin in rotational therapy is the sum of the en¬ 
trance dose rate plus the exit dose rate. (Note that the values in this case include con¬ 
tributions due to secondary radiation.) 

It should not be overlooked that exit dose rates must also be considered in planning 
cross-fire technics, especially when enough beam directions are used to cause some 
overlapping of entrance and exit fields. 

Phantom Measurements Important 

While the principles of radiation dosimetry we have been discussing must be contin¬ 
ually applied in the everyday practice of radiation therapy, none of them provides really 
accurate ways to calculate directly what the dose distribution will be in any given case. 
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Fig. 39 


Thus it was that actual measurements in phantoms were used to prepare the depth 
dose tables (Fig. 39) that serve as the basis for estimating tissue dosages in practice. 
And thus it is that, for many radiologists, even these tables do not give a sufficiently 
accurate or complete picture of tissue dosage. As a matter of fact, the more cross¬ 
fire and rotational technics are used, the less adequate the standard tables becom> , 
and the less meaningful terms like skin-dose, percentage depth dose, become. 
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Iaodose Curves 


This leads us to the matter of isodose curves like the set shown in Fig. 40. These 
are the curves that are drawn up on the basis of measurements made in tissue or In 
tissue-dike phantoms. They are lines drawn so they connect all the points in tissue 
which have the same dose rate. 



hi this example of a single portal treatment, isodose curves show how tissue dose 
rates "fall off" as you get further below the skin and as you get away from the central 
axis of the beam. 

Incidentally, it is a common practice to identify isodose levels as percentages of 
the maximum dosage rate. Thus, in this case the 100% isodose curve is at the skin, 
while other isodose curves labeled 90, 80, etc. show all points in underlying tissues 
where the dose rate is 90%, 80%, etc. of the maximum. 

Cross-Fired Dosage Hard to Calculate 

This typical dose distribution pattern makes it obvious that dosage distribution for 
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cross-fired beams (Fig. 41) are extremely difficult to calculate with accuracy. 



Fig. 41 

A fair idea of what will result may be obtained by laying one isodose curve over another, 
but it is obvious that the calculation is nowhere near as simple as we made it out to be 
in the earlier parts of the dischssion. When it comes to rotational therapy, the calcula¬ 
tion of tissue dose rates becomes even more difficult. 

As a result, practical dosimetry is coming to rely more and, mo re on measure¬ 
ments made directly in phantoms (Fig. 42) formed out of presswood slabs, wax, or 
other tissue equivalent substances. Such phantoms can be made up to simulate a pelvis, 
the skull, the chest, etc., so that direct measurements can be made under conditions 
that approximate the facts of actual treatment. 



Fig. 42 
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CHAPTER XI 


PHOTODOSIMETRY 

The training of a Photodosimetry Technician includes a knowledge of the various 
types of ionizing radiations, and the hazards presented to the individuals working with 
radiation and the patient. The training also teaches the technician how to avoid un¬ 
necessary exposure to such radiations and the method of maintaining a constant sys¬ 
tem of monitoring both personnel and working areas. In addition, the training will 
include the operation and use of various radiation detection devices including handling 
and evaluating the DuPont Type SX-222 film, and the methods of reporting on the photo¬ 
dosimetry program. 

It is important for the preservation of the good health of those exposed to or 
working with ionizing radiations that his duties be carried out in a conscientious 
manner. 


Atomic Theory and Ionization 
Basic Particles of an Atom 


Atoms of different elements have different characteristics but all are built of 
the same basic particles for elements above Hydrogen. These basic particles are the 
ELECTRON, PROTON & NEUTRON, hi Hydrogen we have only the electron and the 
proton. 

PARTICLE MASS CHARGE WHERE FOUND 


Electron 1 

Proton 1837 

Neutron 1838 


-1 Orbit 

/I Nucleus 

None Nucleus 


Atomic Structure 

The structure of the atom may be compared to an infinitesimally small solar 
system with an inner core or nucleus (which would correspond in location to our sun) 
that has a positive charge and tremendous mass since it contains protons and, in all 
atoms above Hydrogen, neutrons and, outer planetary or orbital electrons (which 
would correspond to our planets revolving about the sun) that have a negative charge 
and very little mass. The distance at which these orbital electrons revolve about the 
nucleus is vast as compared to the size of the particles themselves as indicated by 
the fact that the space occupied by the Hydrogen atom as a whole is five hundred tril¬ 
lion times that occupied by the two particles that make up this atom. 

This demonstrates that all atoms are composed of practically nothing but 
empty space. The mass or weight of the atom is concentrated in the nucleus which is 
minute as compared to the size of the atom but contains those particles contributing 
weight. 
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Example of Empty Space in Each Atom 


If the human body were compressed to a perfect solid it would just barely be 
visible under a high powered microscope. 

Example of Atomic Weight in Nucleus 

A thimble of 1 cc. volume, if filled with nothing but protons, would weigh 160 
million tons. 

Electrical Charges fc Electrostatic Forces of the Atom 

The proton found in the atom has an electrical charge which is the basic positive 
electrical charge of the atom and has a value of one (1) plus. The electron found in the 
atom has an electrical charge which is the basic negative charge of electricity and has 
a value of one (1) minus. Therefore, the proton having a charge of plus one (/l) and the 
electron having a charge of minus one (-1), we can see that their charges, though of op¬ 
posite nature, are equal and, since under normal conditions the net number of protons 
and electrons in any atom is equal, the atom as a whole must be electrically neutral. 

The third of the atomic particles, the neutron, does not affect this in any way since, 
being a proton and an electron that have combined to form one particle (1837 plus 1 
being 1838, the weight of a neutron), its electrical charge must be neutral since a plus 
one combining with a minus one results in zero. 

The forces that hold the atom together, are three in number and are called Elec¬ 
trostatic. These are: 

a. Electrical Attraction - This force exists between the particles of the atom 
having opposite charges, the protons and electrons. It is responsible for the fact that 
the electrons are attracted to the protons to form an atom in the first place. It is re¬ 
sponsible for the fact that when an atom loses an electron another takes its place and 
this force also keeps the electrons at the desired distance from the nucleus instead of 
their flying off in all directions as a result of their revolving about the nucleus at high 
speed in concentric circles. 

b. Centrifugal Force - This force exists as it does in any body moving in a 
circle at high speed. This force keeps the electron from being pulled any closer to the 
nucleus by electrical attraction than it is supposed to be and the correct balance of 
electrical attraction and centrifugal force holds the electrons in definite orbits at given 
distances from the positive nucleus unless this balance is disturbed by some outside 
interference. 

c. Electrical Repulsion - Since like charges repel each other this force comes 
into play between the orbital electrons. Being of like charge and repelling one another, 
they are spaced equidistant in their orbit so that, if eight electrons were travelling 
around the same orbit each would be a distance from the other of one eighth, the cir¬ 
cumference of the orbit. 
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In principle, one would expect that all atomic nuclei heavier than Hydrogen would 
fly apart since they contain not only particles witn no charge (neutrons) but contain any¬ 
where from two to a great number of particles (protons) all with the same like charge 
and like charges repel each other with great force. But this is not the case in atomic 
nuclei and just what the force is that binds the nucleus together is not well known and is 
the cause of much research at the present time. 

Architecture of Atomic Structure 


Hydrogen: Atomic No. 1. Atomic Wt. 1. 
one electron in the orbit. 

© ; 

\ / 

Helium : Atomic No. 2. Therefore two 

in the orbit. Atomic Wt. 4. 

©@ ! 

This would indicate that all atoms beginning with hydrogen to be multiples of 
same building blocks. But this could not be so since oxygen with atomic weight 16 would 
have 16 protons in the nucleus. Since the atomic No. of oxygen is 8, then we know that 
this is Impossible because there can only be as many protons in the nucleus as there are 
electrons in the orbits and, in the case of oxygen there are only 8 electrons in the orbits. 
In 1932 it was discovered that all atomic nuclei heavier than hydrogen contained, in addi¬ 
tion to the positively charged protons, neutral particles with about the same mass and 
these particles were called neutrons. This is important since neutrons contribute to mass 
but not atomic number. This then explained why oxygen with only 8 protons in the nucleus 
could have an atomic weight of 16 and why helium with only 2 protons in the nucleus could 
have an atomic weight of four. This also applies to all atomic nuclei except hydrogen. 

Radioactivity 

With increasing atomic number the structure of the nucleus becomes more complex. 
This is also true of the electron orbits. For elements above 83 (Bismuth) on the periodic 
table, the interatomic forces are no longer able to hold the nucleus together permanently. 
These elements are unstable and disintegrate continuously emitting Alpha, Beta & Gamma 
radiations. This process usually results in the formation of new elements. This phenom¬ 
ena is known as Natural Radioactivity and these elements are known as the Radioactive 


Therefore one proton in the nucleus and 


protons in the nucleus and two electrons 
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Elements. When this phenomena is caused by man, usually in otherwise stable elements 
by bombardment with high energy subatomic particles, it is known as Artificial Radio¬ 
activity. The artificially radioactive product is usually referred to as a Radioisotope. 

Artificial radioactivity is extremely difficult to produce not only because of the in¬ 
finitely small size of the bombarding particle, which enters the atom very easily, but 
because entering the atom is not in itself sufficient. The bombarding particle must strike 
the nucleus which is infinitesimally smaller than the atom as a whole and with enough 
energy to cause a great disturbance or at least a partial breakdown of the nucleus which 
results in the liberation of high speed nuclear particles and great energy. This breaking 
up of the nucleus, whether it occurs naturally or artificially, is known as fission or the 
splitting of the atom. Approximately 600,000 particles may be fired for each hit! 

Ionization 


When roentgen or gamma rays, or particles of high energy, strike matter, they first 
remove electrons from the orbits of the atoms which they hit. Energy is imparted to 
these electrons by the impinging radiations and they in turn travel on in the medium, pro¬ 
ducing other positive and negative ions by repeated collisions with orbital electrons. 
These ions in turn have definite electric and chemical properties which later lead to the 
effects of the radiations. Such radiation changes can be produced only if the radiant 
energy is absorbed in the irradiated medium. Absorption of radiant energy means dimi¬ 
nution of this energy as it travels through matter. Radiations which traverse the medium 
without any loss of energy cannot produce effects. These effects are chemical, physical 
and biological. It can be stated that all radiation effects are a consequence of the number 
and distribution of ions formed. 
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The electromagnetic radiations, having energy but no mass, and being electrically 
^neutral may travel a considerable distance through air or tissue without colliding with 
"orbital electrons. All electrons having a definite mass and electrical charge, are much 
more liable to interact with other charged particles when traveling through atomic orbits. 
Yet, it is the sum total of all ions produced which causes the various radiation effects. 

The effects are greater in tissue than in air since tissue, being the more dense, the in¬ 
dividual path of each Ionizing electron is shorter and the ions formed are crowded much 
closer together. 

ft should be recalled here that this ionization phenomena is not merely of academic 
interest. Under carefully controlled conditions it is used Internationally as the method 
! of measuring radiation quantities and all biological effects caused by radiations in living 
tissues are a result of ion formation along the paths of ionizing particles or electromag¬ 
netic radiations. In radiography also, the phenomena of latent image formation in a 
photographic emulsion, the fluorescence of various types of screens, etc., are all a re¬ 
sult of ionization in one form or another. 

Summary of Ionization 

1. An ionizing electromagnetic ray may traverse a layer of tissue without being al¬ 
tered or deflected. No absorption of energy. 

2. An ionizing electromagnetic ray may, upon entering an atom, give up all of its 
energy in the one collision with an, orbital electron (photoelectric colislon) or may give up 
only a portion of its energy in each collision (recoil collision) and proceed on a new path. 

i 

3. A high speed particle, because it has mass and an electric charge, both of which 
| are missing in electromagnetic radiations, is much more prone to have collisions when 

I traversing a medium than is an electromagnetic ray. 


UNITS OF MEASUREMENT OF RADIATION 


The Roentgen 

X-rays and Gamma ray intensity is measured in terms of the Roentgen or "r". 

The definition is as follows: The "r" shall be the quantity of X or Gamma radia - 
tion such that the associated corpuscular emission per 0.001293 grams of air, produces, 
in air, ions carrying one electrostatic unit of quantity of electricity of either sign. 

The mass of one cubic centimeter of dry atmospheric air at 0° C. and 760 mm. of 
mercury pressure is 0.001293 gm. 
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The Roentgen Equivalent Physical 


Beta radiation and other types are measured in terms of the Roentgen Equivalent 
Physical or "REP." 

A Beta ray dose of one "REP" may be said to be equivalent to an X or Gamma ray 
dose of one "r" at a given point In the body. 

The Roentgen Equivalent Man 

The Roentgen Equivalent Man or "REM" Is the amount of any radiation equal in bio¬ 
logical effect to one "r" of X or Gamma radiation, 

The Maximum Permissible Exposure 

The Maximum Permissible Exposure or "MPE" is the maximum permissible expo¬ 
sure to penetrating, ionizing radiation allowed per 24 hour day. 

This usually is spoken of in terms of weekly dosage and is as follows: 


"r". 0.3 "r" per week. 

"REP's" . 0.3 "REP" per week. 

"REM's". 0.3 "REM" per week. 


PHOTODOSIMETRY 

The determination of the amount of exposure of an individual to penetrating, ionizing 
radiation by the use of photographic emulsions of requisite sensitivity to Beta, Gamma 
and X-radiation. 

Purpose 

1. To provide for the protection of personnel exposed to penetrating, ionizing radia¬ 
tion. 

2. To provide a permanent record of such exposure which shall become a part of 
the individual's medical record. 

3. To provide training and experience of potential military value in radiological 
safety. 

Program Establishment 

Photodosimetry units shall be established by Naval Medical Facilities to provide 
film badge services for all service and civilian personnel under naval cognizance regu¬ 
larly exposed to penetrating, ionizing radiation whether from the handling of radio¬ 
active materials, from medical, dental or industrial x-rays, or from any other expo¬ 
sure to penetrating radiations. 
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Common Devices for Dally Monitoring 


The Instruments to be used for the daily monitoring of personnel must be ac ¬ 
curate , sturdy, portable and as Inexpensive as possible. Pocket Ionization Chambers 
and the Film Badges meet these requirements. S the amount of exposure is liable to 
approach or exceed the Maximum Permissible Limits then they should be used side 
by side. In most radiographic departments the amount of exposure, with proper atten¬ 
tion to the safeguards provided, is such that only the wearing of the film badges is 
deemed necessary. In tropical areas or areas of high humidity electrical leakage may 
become so serious a problem when attempting to utilize the Pocket Dosimeter that the 
film badge remains as the most practical dally personnel monitoring device. The in¬ 
dividual film badge to be worn by individuals exposed regularly to penetrating, ioniz¬ 
ing radiation is made up of the photographic film and also several layers of special 
paper resistant to humidity, light tight, and is able to resist the chemical action of 
Balt deposits. 

Issuing and Handling of Dosimetric Film 

Upon first reporting to a department, an individual will be assigned a film badge 
number which is retained as long as he is attached to the station command. When he 
is transferred that number may then be assigned to the next individual reporting for 
duty. Those persons assigned to both X-ray and Isotopes shall be assigned a separate 
badge for each department. This is the only time when a person should have more 
than one number at a time. The separate film badges Issued for wear in each depart¬ 
ment must be kept separate. The radiographic film badge shall not be worn into the 
R. L T. department even for a visit and vice-versa. All film badges shall be num¬ 
bered upon being issued by placing the Individual's film badge number on the center 
front of the badge. An individual's film badge holder should have his number stamped 
on the center front in the metal. 

Logs and Files 

A very simple form of filing is employed in keeping records of film badges and 
exposure readings. It consists of an Individual Card File, Accumulative; a Book- 
Form Log, nom’accumulative; SF 600 entries (Quarterly CBC's); a file of all exposed 
and processed films and the Form DD1141, "Record of Exposure to Ionizing Radiation." 

Book-Form Log, Non-Accumulative 

Separate logs for X-ray and Radioactive Isotopes, hi this log shall be kept the 
amount of exposure an Individual has received for the given period a film badge was 
worn and each entry shall so state. If film badges are Issued and worn on a weekly, 
bi-weekly or monthly basis then this log shall be kept as such. Column heading shall 
be: Film Badge Number, Name, Rate, Date of Film Issue, Date of Film Return, Place 
of Exposure, No. of Weeks Given Film Badge was Worn, Density Reading of Control 
Film, Density Reading of Issued Film, Corrected Reading, Amount of Radiation Re¬ 
ceived and Type. 
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File Card Log, Accumulative 


Separate logs shall be kept for different departments. In this log shall be kept the 
total amount of exposure to date and each entry shall so state. S film badges are issued 
and worn an a weekly, bi-weekly or monthly basis then this log shall be kept as such. 
Column headings shall be: Film Badge Number, Place of Exposure, Date of Entry, Total 
Number of Weeks Exposure & Total fc Type of Exposure to Date. Across the bottom of 
the card shall be put: Name, Rate, Ser. No. and in the far right lower corner the Film 
Badge Number. The first entry in this log if there is no previous exposure shall be the 
result of the first film badge worn in the department. I there has been previous expo* 
sure, the first entry shall be the last entry on the individual's SF 600 or Form DD 1141. 
made prior to reporting aboard. 

DD 1141 (Record of Exposure to Ionizing Radiation 

An entry shall be made on the individual's DD 1141 or, in the case of civilian em¬ 
ployees, in the individual's health jacket each time film badges are processed. These 
entries shall be accumulative, each entry shall show the dates of exposure and the total 
amount of exposure received to date and this Information shall be obtained from the 
Card File, Accumulative Log. This entry shall show: Date of Entry, Place of Entry, 
Weeks of Exposure per Film Badge, Total Amount of Exposure to Date and the Type and 
shall be signed by the Radiation Health Officer or someone approved to sign by direction. 

SF 600 

In addition to the periodic radiation entries made on the DD 1141 Form, there shall 
be entered on the SF 600 every three months, a copy of a Complete Blood Count which 
shall be done as a matter of routine on all persons regularly exposed to penetrating, 
ionizing radiations. This entry shall include, if possible, a Hematocrit Examination as 
part of the CBC and all entries shall be signed by the Radiation Health Officer or some¬ 
one approved to sign by direction. 

Exposed Film File 

This is dependent largely on the number of film involved and consists merely of en¬ 
velopes containing the processed film in numerical order for each exposure period. The 
envelopes shall be marked with the inclusive dates of the exposure period and the number 
of the films contained therein. In each envelope shall be included the control films for 
that exposure period. 

Periodic Medical Examinations 


Periodic medical examinations shall be done on all personnel, military and civilian, 
whose duty requires regular exposure to ionizing radiations or the handling of radio¬ 
active isotopes. The examiner looks for such signs of chronic radiation damage as lack 


Digitized by Google 


498 


Original from 

UNIVERSITY OF MICHIGAN 



of vitality, loss of appetite, weight loss, cracking of the skin of the fingers and exces¬ 
sive longitudinal corrugation and brittleness of the fingernails. Complete blood counts 
are an important part of this examination. Breath samples are collected from those 
persons engaged in the handling of Radium Compounds. 

Reports 

Individuals whose exposure exceeds . 3 "r", "REP's" or "REM's" per week shall be 
excluded from further exposure until sufficient time has elapsed to bring his total MPE 
within limits. Reference: NavMed P-5005. In the event an overdose has occurred, 
which shall be determined at the time of processing and reading of film badges, the cir¬ 
cumstances shall be explained immediately in a "Special Photodoslmetry Report. ” This 
report shall list the Name, Rate, Service No., Film Badge No., Total Time in Days 
Film Badge was Worn ft Beta, Gamma or X-ray Dosage Received. This report shall 
also include, preferrably in the Commanding Officer's letter of transmittal, an explana¬ 
tion of the circumstances of the overexposure and the corrective measures instituted. 

The report will be an enclosure to the Commanding Officer’s letter of transmittal, may 
list one or more persons, originates from the Radiation Health Officer, is signed by the 
Photodosimetrlst and Radiation Health Officer and will be submitted after each proces¬ 
sing and reading period in which one or more persons are found to have an overdose. 

This report shall be forwarded via official channels to the Bureau of Medicine and Sur¬ 
gery, Code 74. Those activities processing and reading film badges for other activities 
should report results, after each processing period, to the activity utilizing the film 
and a copy of such reports should be kept on file for convenience. Ref: NavMed P-5005. 

The individual Card File, Accumulative Log, if kept up to date and accurately, 
supplies data for the "Annual Photodosimetry Report" which originates from the Radia¬ 
tion Health Officer, is signed by the Photodosimetrlst and Radiation Health Officer, is 
an enclosure to the Commanding Officer's letter of transmittal, shall be submitted 
Annually at the end of each calendar year and not later than January 15 via official chan¬ 
nels to the Bureau of Medicine and Surgery,Code 74. The "Annual Report" shall consist 
of all individuals on board at 2400, 31 December who have been exposed plus all indivi¬ 
duals exposed elsewhere but transferred prior to the end of the calendar year. The 
Annual Photodosimetry Report shall be submitted by: 

(1) All activities having a photodoslmetry program. 

(2) All activities not having a photodoslmetry program but who do utilized 
the Film Badge. 

(3) All activities not having a photodoslmetry program and not utilizing the film 
badge but who do have on board at the end of the report period any individual 
who had exposure during the calendar year at some activity and who has a 
record of such exposure as a part of the health record or health Jacket. At 
these activities, this will require a study of all health records and Jackets 
prior to the end of the report period. 

The annual report shall consist of a list of all personnel, military and civilian, in¬ 
dicating in columns the Full Name, Rate or Rank, Serial or Service No., Total Weeks 
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of Exposure During Current Calendar Year, Total Amount Exposure Received Dnrtnp r 
Current Calendar Year and Type of Radiation. Negative Reports Are Not Required. 

Ref.: P-5005. 

Radiation Hazards 

R has been established that all radiations are capable of causing the same radiation 
sickness and Injury types. However, although the effects are qualitatively similar, the 
various radiations differ in their quantitative behavior. In the field of radiological safe¬ 
ty two types of hazards are recognized. 

External Hazard: It is that hazard that exists when the source of radiation is located 
outside the body. From such sources we may be exposed to X-radiation, Gamma, Beta 
and Alpha radiations. They constitute a hazard because of their ability to penetrate a 
certain amount of air and still retain enough energy to penetrate living tissue. Alpha is 
not the hazard the others are because of its very weak penetrating ability. 

Internal Hazard : It is that hazard that exists when radioactive materials gain access 
to and enter the body. This may occur through inhalation, ingestion or an open wound. 
Such materials as emit Gamma, Beta and Alpha radiations constitute an internal hazard 
if they enter the body since these radiations act as damaging agents which Injure or des¬ 
troy blood forming organs or other tissues. With internal radiation hazards as opposed 
to external, the source of radiations is fixed in the tissue and removal is limited to the 
rate of excretion by the body and the natural radioactive decay of the source. 

Effect of and Recovery from Radiation 

The effect of radiation on living tissue depends not only on total amount absorbed but 
on the rate of absorption, that is, whether the dosage received is chronic or acute, and 
also on the area of the body exposed. In the majority of instances the biological effect 
decreases as the rate of absorption decreases. Thus, to cite an extreme case, 600 "r" 
would most certainly be fatal if absorbed by the whole body in one day, but, would prob¬ 
ably have less consequences if spread thinly over a period of thiry years. The most rea¬ 
sonable explanation of the process is that if the dosage rate (the amount absorbed over 
the whole body per day) is very small the damaged tissues have a chance to recover. But 
if the rate of absorption is increased and more radiation is received than the damaged 
tissues can recover from, the damage becomes accumulative and the effect of the radia¬ 
tion on the body becomes apparent. We may detect this biological effect through periodic 
CBC's and medical examinations. This does not necessarily apply to possible genetic 
changes which it is thought are cumulative and irreversible, and may come about even 
though no harmful consequences of the radiation received are apparent. 

Radiation Sickness, Injury and Poisoning 

Radiation sickness is a term employed to describe the symptoms sometimes ac¬ 
companying exposure to ionizing radiation. Exposure to 400-600 r of whole body radia¬ 
tion may cause death and lesser exposure may produce acute symptoms of nausea, 
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vomiting, general malaise, bloody diarrhea, and hematuria, with a progressive down¬ 
hill course to death. Smaller doses may cause less severe symptoms with gradual re¬ 
covery to normal well being. Chronic exposure of small amounts may cause less dra¬ 
matic symptoms but produce permanent changes in body tissue, notably the cracking of 
the Bkin of the fingers, chronic dermatitis, excessive longitudinal corrugation of the 
finger nails, changes in the platelets, red and white cells of the blood, loss of hair, 
temporary and even permanent sterility. There are also questionable changes to pro¬ 
longed exposure to low amounts of radiation, but still exceeding the standard permis¬ 
sible dose. In these cases there may be genetic effects or shortening of life span. These 
changes are Insidious but are considered cumulative and workers in the field of radia¬ 
tion should be acutely conscious of this problem. There are those who consider such 
chronic exposure as a possible etiology for some forms of cancer and leukemia. 

It is therefore important that all safeguards be utilized and that the acutal amount 
of exposure be carefully measured, since episodes of overexposure can often be par¬ 
tially corrected by a change of duties and avoidance of exposure for a compensating period. 

Description and Wearing of the Personnel Film Badge Holder 

Film Badge Holder : The official nomenclature of the film badge holder is "Holder, 
Radlac Detecting Element" and is available to all activities having a photodosimetry 
requirement. They may be obtained from the Medical Stores Section, U.S. Naval Supply 
Depot, Mechanicsburg, Pennsylvania. This special film badge holder has its own shield 
of cadmium for differentiating between beta and gamma radiation. It is constructed of 
corrosion-resisting steel and is made in two parts; one, the part worn to the front con¬ 
taining an open window and the cadmium shield; the other, the back part also containing 
an open window and having a clip attached to it for conveniently fastening the holder to 
the wearer's clothing. The film packet is Inserted into the back part of the holder with 
the tab toward the back. The front portion of the film holder is then slid into the space 
provided in the back portion. 

Wearing the Film Badge Holder: The film badge holder shall be worn so that the 
open window and the cadmium shield are facing outward. The badge shall not be carried 
in a pocket or behind any obstruction such as coins, combs, cigarette packages, cards 
and the like as they would tend to absorb radiation and would reduce the ultimate density 
reading of the films. The wearer should not, at any time, allow himself to receive a 
direct exposure of x-rays while wearing the film badge holder as this will make a true 
density reading impossible. 

Components and Theory of the Personnel Film Badge 

The personnel film badge, DuPont Type SX222, is a film packet the size and shape of 
a dental film packet (1 1/4 x 1 3/4 inches). The outer cover is light-tight and not readily 
effected by moisture. Inside the packet, at the back, is one piece of black paper the size 
and shape of the two pieces of film contained therein. The films are wrapped in a piece 
of paper, green on the outside and black on the inside. (The tab visible on the outside 
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of the packet is one end of this wrapper.) Each DuPont Type SX 222 film packet contains 
two (2) component films; one, number 508(sensitive emulsion) which has one raised dot 
or dimple thereon for purposes of identification during processing; and one number 510 
(less sensitive emulsion) which has no raised dot or dimple. 

The outside wrapper of each packet is marked with a prefix letter to designate the 
emulsion lot, followed by a five (5) digit serial number to identify the particular films 
within that lot. This same number also appears on each of the two component films which 
comprise"that packet. 

Measurement of Beta and Gamma Radiations 


For Beta and Gamma exposures near the permissible monthly exposure maximum, 
only the number 508 (sensitive) component is read. This covers a range from 0.05 to 
5.0 roentgens for Gamma and from 0.10 to 5.0 rep for Buta. 

Since gamma radiation affects the open window area of a film in addition to that under 
the shield, beta radiation can be distinguished from gamma only by the following procedure: 

Suppose, for example, that the shielded area of a particular number 50& film reads 
0.33 density, as determined from densitometer readings. From a Gamma Shielded Curve, 
we find that the gamma exposure was 1.0 "r" gamma dose. Now, this same hypothetical 
curve for "gamma open" shows that, if no other radiation were present, an open window 
reading of 0.52 should be produced solely by that same 1.0 "r" gamma dose. Therefore, 
if the gamma open window reading was found to be approximately 0.52 density, it may be 
assumed that the entire exposure was due to gamma alone. E, however, a greater den¬ 
sity—as for example (using this hypothetical curve) 0.90 in the open window area, the 
arithmetical difference (0.90 minus 0.52 equals 0.38) must have been caused by beta. 

From the beta curve we find that 0.38 density indicates an additional dose of 1.8 rep beta. 
In other words, whenever the open window density appreciably exceeds that of the "Gamma 
open" curve at that point directly above the indicated "Gamma Shielded" dose, the arith¬ 
metical difference in density may be transferred to and interpreted from the beta curve. 
(The same films should never be worn for both Beta and X-ray exposures.) 

Measurement of X-Radiation 


For X-ray exposures only the number 510 component is read. This covers the range 
from approximately 0.03 to 4.4 "r". X-radiation has a direct effect on the film emulsion 
as does beta radiation. Although X-radlation is electromagnetic, as is gamma radiation, 
♦he energy of diagnostic X-radiation i,j lower than that of gamma, and, consequently, the 
X-radiation has a greater photographic effect on the emulsion. There is then no need for 
a cadmium shifcld in registering X-radiatlon on Type SX 222 film. X-ray registers in the 
open window area of the film as does beta. After properly processing the film (510 com¬ 
ponent) and determining the corrected density (exposed film density less control film 
density) the amount of exposure in roentgens can be determined from the X-ray curve sup¬ 
plied for that film emulsion. It must be again emphasized that the same film should never 
be worn for both X-ray and Beta-Gamma exposures I 
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Measurement of Alpha Radiation 


Alpha radiation cannot be satisfactorily measured by the use of DuPont Type 552 
film. 

Use and Function of the Control Film 

All film have a certain amount of base fog present due to chemical action, second- 
aiy cosmic radiation, humidity, heat, aging, etc. This necessitates the use of a con¬ 
trol film. Its purpose is to determine the amount of base fog (density) on the film prior 
to issue to the wearer and any fog (density) picked up by the film during the time of 
issue that is not directly due to radiation received by the technician while wearing the 
film. Through the use of the control film we arrive at a true radiation density the film 
badge received while being worn. The control film must be of the same emulsion num¬ 
ber as the film badges being worn. The control film is selected at the same time film 
are issued. The control film is placed in a container in a place safe from radiation. It 
is to this container the issued film are returned at the end of the work day or at any 
other time the badge is not being worn so that any stray radiation or fog causing agents 
will register on both the issued film and the control. In this manner we may subtract 
the control film density, after reading, and the resulting net density will accurately rep¬ 
resent the amount of radiation to which the film badge wearer was exposed while wearing 
the film, ft is this "net" or "corrected density" that is used in conjunction with the prop¬ 
er radiation curve to determine exactly how much radiation exposure the persons wear¬ 
ing the film badges receive. At least two, and preferably three or more, unexposed 
control films shall be processed simultaneously with each batch of issued films. 

Calibration Data 

With each emulsion lot of the DuPont Type, SX222 film issued by the U. S. Naval Supply 
Depot, calibration curves of beta, gamma and X ray response for that particular emul¬ 
sion number will be distributed by BuMed. This may be done with each new lot number, 
semi-annually or only as often as a different sensitivity of film emulsion requires. 

Processing of DuPont Type SX 222 Film Badges 

The film badges will be removed from the holders when new badges are issued and 
will be taken to the darkroom for processing. The following steps should be taken while 
the overhead darkroom lights are still on. 

1. Arrange the film badges in numerical order on the workbench. 

2. Obtain the necessary dental hangers, number and arrange same in numerical 
order. 

3. Stir and check the temperature of previously prepared and cooled developer 
and fixer. Temperature of developer must be and temperature of fixer should be 68°F. 
and, in the case of the developer no deviation either way is permissible. 
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4. Obtain and set for exactly three minutes an interval timer and place it in such a 
manner as to be readily accessible and within arm's length once the lights are out. 

5. Place a large waste receptacle (G. I. can) next to the area in which you will stand 
while removing the outside cover of the film badges with the G. I. can cover upside down 
and on top of the can. It is into this cover that you will drop papers, etc. while opening 
film badges and a piece of Type SX222 film accidentally dropped here is much easier to 
find than one dropped on the deck. 

6. Place as many empty 14 x 17 hangers in the large fixer tank as will be required 
to hang your dental racks on at the rate of one (1) 14 x 17 hanger for each three (3) den¬ 
tal hangers. 

The following procedure shall be done with all darkroom lights extinguished, and after 
the above procedure has been attended to. 

1., Each film badge shall be opened one at a time; the outer wrapper and inside black 
papers discarded into the cover of the G. I. can. 

As step number one is accomplished for each film and each film is placed in the 
dental rack the film shall be kept in numberical order on the dental hanger and the den¬ 
tal hangers also must be kept in numerical order. 

2. Include in each dental rack of issued film one of the control films that was selected 
when the film badges were issued. 

3. When all the film have been placed in the dental hangers the hangers are then 
carried to the developing tank and they are developed for a period of three minutes with 
CONTINUOUS AGITATION. In order to prevent over development the preset interval 
timer is started as the hangers are placed into the developer and, as the timer indicates 
that the three minutes are up, the dental hangers are removed from the developer and 
immersed immediately into the fixer without draining or rinsing. Upon being Immersed 
in the fixer the hangers are agitated a few times and are then hung on the empty 14 x 17 
hangers for the correct fixing period. 

4. The film must be fixed for a minimum of 15 minutes and the room lights must 
not be turned on until the film have been in the fixer for a minimum of fifteen minutes. 

When the film have been properly fixed, they are removed from the fixer, drained, 
rinsed and placed in the wash. 

5. The film shall be washed for a minimum of thirty minutes. Drying is accom¬ 
plished through the use of a heat dryer or the film may be air-dried. As in the case 
of regular x-ray film, the film shall not be exposed to direct sunlight while drying. 

All dosimetric film Type SX 222 shall be processed with Developer X-ray Film Proces¬ 
sing, Rapid Type and Fixer, X-ray Film Processing. These solutions, in correct quan¬ 
tity for the amount of film to be processed, and the size of the processing containers, 
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should be prepared 24 hours in advance of processing time in order that they are com¬ 
pletely dissolved and at the correct temperature for processing when the technician Is 
ready. The developer may be used only once when film are not processed daily because 
of exhaustion and the fact that oxidation and deterioration occur if the solutions are kept 
on hand for any length of time, hi accordance with NavMed P-5005, Photodosimetry 
Manual, any deviation from the above prescribed procedure (Mixture, Time, Tempera¬ 
ture and Agitation) will introduce serious errors in dosage readings and invalidate all 
calibration values. 


Weston Photographic Analyzer (Densitometer) 

Densitometer : * 

The Densitometer, Weston Photographic Analyzer, Model 877, with line vol¬ 
tage regulator, is used almost exclusively and will therefore, be the only densitometer 
described in this manual. However, certain research activities having the Ansco- 
Sweet model may also use it for the Photodosimetry Program. 


Operation: 

(1) The positions of the various external features are shown in figure 1. The 
optical system inside of the Analyzer is shown in figure 2. Light from the lamp "D" 
passes upward through the heat-absorbing glass "K", the double condensers "L", dif¬ 
fusing glass "O", and emerges as a cone-shaped beam from aperture "E" in the view¬ 
ing plate "I". When the outside arm "G" is lowered to take a density reading, the 
diffusing glass "O" automatically slides out of place, and the light beam from aperture 
"E" passes through a corresponding aperture on cone "M" and impinges on the photo¬ 
electric cell "E". Obviously, this path of light must be kept in perfect alignment. If 
the elements are ever found to be out of adjustment, they can easily be realigned. 

The meter scale is illuminated through a red filter "U" by a 120 volt, 6 watt 
pilot lamp which may be replaced readily by swinging down the hinged socket. 

( 2 ) As a Densitometer the following instructions are applicable: 

(a) Light lamp "D" (figure 2 ) by means of toggle switch "D" (figure 1 ). 

(b) Changes in the line voltage will affect the density readings, and the 
brightness of lamp "D" should be checked before each reading. 2 


^Operation and maintenance instructions and figures are taken from the Weston Electri¬ 
cal Instrument Corporation manual for the Weston Photographic Analyzer, Model 877. 

o 

After lighting the lamp, and before putting negative in position lower arm "G" over 
aperture and, if necessary, adjust rheostat "C" until pointer on meter "H" indicates 
zero density. 


ff it is desired to measure densities greater than 2.4 the range of the Densitometer 
may be extended fay placing a negative having a density of 0 .4 or 0 .5 over the aperture 
"E" and adjusting the rheostat "C" until the meter indicates zero density. Remove the 
negative and use densitometer in normal manner but add the value of the density used 
when working the above adjustment. For example if the density used was 0.4 and the 
meter reading obtained on the negative being measured is 2 .3 then the correct density 
is 2.3 plus 0.4 equals 2.7. 505 
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(c) Place over aperture "E" the area of your negative whose density you want 
to measure. 

(d) Lower arm "G" carefully until the cone contacts the negative. Of course, 
the photoelectric cell must be in its place in the arm "G". 

(e) On meter ”H" (figure 1) read the density value Indicated by the pointer, on 
the density scale. 

(f) H room illumination is insufficient, turn on toggle switch "S" to light meter 

dial. 

Maintentance Adjustments 

It is well to know how to keep the instrument at its peak of efficiency in the face of 
continued usage and varying individual conditions. 

For example, in some localities the supply-line voltage may flucuate so that occa¬ 
sional readjustments of the rheostat are necessary. If voltage variations are abnormal, 
a 30 volt-ampere constant voltage transformer is recommended. 

The lamp "D" that illuminates the optical system of the Analyzer has been correctly 
positioned for optimum result. If a slight readjustment should become necessary, it is 
a simple operation. 

/ 

(1) Take off the perforated bottom of the Analyzer by removing the four corner screws. 

(2) Light the lamp by means of switch "D." 

(3) Push photocell arm M G" all the way down. 

(4) Turn rheostat knob "C" until meter Indicates a density value between 0.4 and 0.5. 

(5) Turn any one of the three adjusting screws "R" (figure 2) until the meter pointer 
on the density scale moves toward zero. When pointer starts to move away from zero end, 
turn screw back, until pointer is closest to zero end of density scale. Repeat with the 
other two screws "R." 

The lamp "D" is a General Electric 50 watt, 105-120 volt toy projector lamp with 
CC2 filament. 

The integrating cone "M" (figure 1) on the photocell arm must coincide with aperture 
"E" in the viewing plate "I." This can be checked by merely removing the photocell from 
the arm "G" and noticing by Inspection if the aperture "E" is in the center of the integrat¬ 
ing cone "M." ff not, loosen the four screws which hold the cone "M" in position, and 
re-center. 
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R is essential to clean the Analyzer periodically. Remove the perforated bottom by 
taking out the four comer screws. The lamp and optical system can now easily be reached 
and cleaned. Remove the top panel in the same way, and clean the rheostat and aperture 
"E". Before replacing the bottom, check the lamp position as previously described. 

Determination of Film Densities and Radiation Dosage Received 

The densitometer and Sola Stabilizer are set up; densitometer turned on and allowed 
to warm up a minimum of 10 minutes before any readings are attempted. After 10 min¬ 
utes zero the meter. 

Commencing with the "Control Film," four density readings are taken in the open 
window area or under the Cadmium Shield area as the case may be on each film badge 
that was processed. These readings are recorded in the rough on a stenciled sheet of 
paper made up for that purpose. 

When all film densities have been determined, shut off the densitometer and unplug 
both densitometer and Sola Stabilizer and allow to cool. 

Return to the list of readings for each film and average out the four density readings 
for each film badge. Instead of four density readings for each film badge there is now an 
average reading for each. If there is more than one control film processed an average 
of all control film readings must be found to arrive at one control film reading represen¬ 
tative of all the control film. 

This final average reading of the control film is now subtracted from the average of 
each Issued film badge processed. This will leave a corrected reading for each issued 
film badge which is the original density of that film badge minus any density which was 
not acquired by exposure to radiation received by the wearer. This corrected density or 
net density should represent the actual amount of radiation to which the wearer of the 
film badge was exposed. 

Reference is made to the calibrated radiation curve for that film emulsion number. 
The corrected density of each film badge is found on the curve on the left hand border. 

By moving to the right along the correct line until the correct curve is reached and then 
straight down from that point of intersection to the bottom of the sheet we can determine 
the exact amount of radiation to which the wearer of that film badge was exposed for the 
length of time the badge was worn. 

The radiation dosage for each film badge is recorded on the same rough stenciled 
sheet as the density readings. The radiation dosages are then entered on the individual 
card file, the book form log and the Form DD 1141. 

In the event any dosage readings show overdoses, all factors must be rechecked on 
such individuals to be certain the results are correct before initiating overdose proce¬ 
dures. All overdoses received shall be promptly reported to the Radiation Health Officer. 
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Photodosimetry Unit 


A photodosimetry unit consists of a densitometer, x-ray developing facilities, 
special films and film badge holders. At least one x-ray technician qualified in photo- 
dosimetry will work with the unit. 

Film Badge Holder & Film 

Film Badge Holders and DuPont Type SX 222 film are available to all activities having 
a photodosimetry program from the Supply Depots. In some areas the Him may be 
obtained by open purchase methods. 

Radlac Instruments 

Used for detecting and measuring the intensities of various types of radiation. 

All photodosimetry technicians should be familiar with their use because of the possibil¬ 
ity of future atomic disasters. The following instruments should be covered and each 
Instrument is accompanied by its own concise and easy to understand instruction booklet: 


AN/PDR-27C 

Radlac Set 

5. Geiger Counter 

AR/PDR-10D 

Radiac Set 

6. Victoreen ”r TT Meter 

CP-33/PD 

Computer-Indicator 

7. DR-60/PD Dosimeter, 

AN/PDR-18A 

Radiac Set 

Casualty Dose 
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CHAPTER X 


OFFICE ROUTINE 

Office routine includes the maintenance of records required for the efficient 
operation of the x-ray department. 

Records concerning the handling of x-ray film must be kept by all x-ray depart¬ 
ments. The methods for maintaining these records may vary considerably, within 
the limits as set down by the Manual of the Medical Department, Navy. One of the 
records that is required is an x-ray department log. This log may be a standard 
Navy issue book or may consist of special log sheets made up locally containing the 
required information. In either case, the Information that is required is as follows: 
Old and/or New film file number; patient's complete name; rate/rank or status; activ¬ 
ity from which the request for the examination was received; part to be examined 
name of the doctor ordering the examination, whether the patient is an in or out patient 
and the date of the examination. Other information may be listed there on such as a 
recapitulation at the bottom of each page to make the reporting necessary for monthly 
reportp ^rre easily accomplished. 

New x-ray department logs are made up each calendar year and are kept on file 
in the department for a period of time as set forth in the Manual of the Medical Depart¬ 
ment, Navy. Disposition of logs, when they reach retirement age, is prescribed by 
the manual. 

When reporting to an x-ray department for examination, all patients should have 
a properly completed x-ray request. When the report of the x-ray examination has 
been completed on this form, the original of the report is delivered to tbe requesting 
activity, one copy of the report must be filed with the x-ray film file jacket and a 
third copy filed in an alphabetical file of reports in the department. The disposition 
of each copy of the report is in accordance with the schedule found in the Manual of 
the Medical Department, Navy, or other current Instructions. 

An alphabetical file card is maintained on all patients reporting to the x-ray de¬ 
partment for examination. This card is a cross-index reference useful in determining 
the patient's previously assigned film file number, date of last examination, type of 
examination, etc. The card should contain the patient's film file number, full name, 
status and, at each reporting, the type and date of the examination should be recorded 
thereon. New cards are made out each calendar year and may be kept on file for an 
indefinite period of time, depending upon the file space available, but usually not more 
than five years. 

X-ray films are filed numerically by calendar years. A patient is assigned a 
film file number upon his first examination during a calendar year. No matter how 
many times he may be examined during the year, he will continue to be assigned the 
same number. However, if he is examined on 31 December and again on 1 January, 
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ne will have been assigned two numbers and will have had two complete files for rec¬ 
ord purposes. Significant films from the past years are usually brought forward to 
current film Jackets by the Radiologist when a patient has been examined during a pre¬ 
vious calendar year. 

The disposition of x-ray film varies with the category of the patient and the type of 
examination. Information as to the disposition of x-ray film may be found in the Man¬ 
ual of the Medical Department, Navy, in the chapter concerning records retirement. 

One should always refer to the Manual before attempting to dispose of any film except 
those that are unmarked or not identifiable with any person or persons. These should 
be destroyed when encountered only after the Radiologist has had them brought to his 
attention and he directs their disposal. 

Pathological or Interesting Film File : 

In addition to the routine x-ray film file in a department, a file of interesting or 
pathological films may be maintained. An Interesting film may be described as one that 
demonstrates an unusual variation from normal or an unusual injury or disease. The 
Radiologist selects it for its Interest or training value. Pathological films may show 
classic examples of pathology in the form of disease or injury. These films are kept in 
a separate file and are used in the training of medical department personnel. 

The simplest method of keeping an account of such films is through the use of a 
small log book. As the radiologist is interpreting films, he records in the log, the 
film number; patient's name; status; date of the examination; and a brief statement con¬ 
taining his impression of the films, including the proven or suspected disease or con¬ 
dition. The age and sex of the patient may also be recorded as well as the activity 
requesting the examination. Films of cases so selected remain in routine file, but an 
indicator is placed on the jacket to identify it as an interesting or pathological film. 

The indicator may be a colored tag stapled or pasted to the jacket. As these become 
eligible for retirement, they are reviewed by the radiologist. The films that he decides 
to retain are filed separately from routine files and the others are disposed of accord¬ 
ing to current instructions. 

A more complicated method of maintaining an interesting or pathological film file 
involves the use of card files, cross-indexed. One set of cards is filed alphabetically 
by patient's name and one set according to diseases or conditions. The films are 
assigned a pathological or interesting film file number by the radiologist and are filed 
separately from the routine file. These numbers are assigned from a predetermined file 
code. The numbers are permanent and are not changed each calendar year. In large 
teaching institutions, additional card files broken down into parts of the body in addi¬ 
tion to the card file of diseases or conditions are used. The purpose is to make the 
films Involved more readily available to persons desiring their use for instructional 
purposes. 
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Periodically, this file may be reviewed by the radiologist for the purpose of re¬ 
moving certain films from the file in order to keep the size of the file within the limits 
of the storage space available. When such films are eligible for retirement, they are 
disposed of according to current instructions. A notation must be made in the routine 
film file, indicating that the films are in the pathological or interesting film file usual¬ 
ly by a note on the patient's jacket Indicating what films have been removed and where 
they may be found. 

Financial Records of an X-Ray Department : 

An x-ray department is responsible for information concerning departmental bud¬ 
get requirements and adequate records are necessary to furnish this information. 
Records of past expenditures will be necessary for the preparation of estimates of 
future expenditures. Justification for requesting new items of equipment, or modifica¬ 
tion to old equipment can be supplied from records on hand. An adequate, though not 
elaborate, file of all financial transactions concerning the x-ray department should be 
kept on file. 

Items of supplies and equipment available in the Naval Supply System are found in 
the Federal Standard Stock Catalog. The requisitioning of supplies and equipment will 
be governed by local practice and is regulated by instructions contained in the Manual 
of the Medical Department, Navy and Naval Supply and Accounts Manual. 

Many items used at a Naval Command are not available through the normal naval 
supply system and are purchased from local civilian sources either directly or through 
sealed bids. Adequate justification must be furnished in such cases. 

Much of the equipment in an x-ray department is of such a nature; that is, the cost 
is such, that a formal survey must be held to remove a piece of equipment from the 
books of the department, when a replacement of that item is necessaiy or desired. 
Also, equipment broken or damaged beyond economical repair must be surveyed. 

Adequate records including description and cost of all items of equipment should 
be maintained and frequent inventories taken to avoid loss of equipment. Good liaison 
with the finance officer is necessary. Records concerning the amount of use and re¬ 
pairs to such a unit are necessary for the information that must be furnished a survey 
board. Surveys of naval property and equipment are governed by the Manual of the 
Medical Department, Navy; Manual of Supply and Accounts, Navy and current instruc¬ 
tions. 

Correspondence; 

In addition to the files of an x-ray department that concern film handling and finan¬ 
cial transactions, are other files for official and non-official correspondence. Official 
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correspondence flies are kept in the manner prescribed in the Navy Filing Manual. 
Non-official correspondence, i.e., memoranda, departmental watch list, cleaning 
bills, etc., is filed for a short time for reference purposes and then destroyed. Offi¬ 
cial correspondence must be disposed of according to current instructions promulgated 
by proper authority. 

Naval correspondence requires the use of a standard procedure. The proper 
form and use of each type of official correspondence may be found in the Navy Cor¬ 
respondence Manual. Adherence to the form and procedure laid down in the above 
manual is mandatoxy. Frequent reference to the Correspondence Manual will avoid 
possible embarrassment because of an improper procedure or form of correspondence. 

Records showing the receipt of all foreign films (films from other activities) must 
be kept as well as records of the forwarding of departmental films to other activities. 
The use of accepted forms for this purpose will decrease somewhat the clerical work 
but adequate logs must be kept. 
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CHAPTER XI 


BIOLOGICAL EFFECTS OF IONIZING RADIATION 


In general, we are told that effects of ionizing radiation may be harmful. 

Too often we tend to associate this to mass doses of radiation as could be ex¬ 
pected from nuclear attack. This chapter is presented in the hope that it will 
provide the x-ray technician with an insight to the possible hazards of the type 
of radiation he is exposed to daily, x-radiation. It is also presented to emphasize 
the fact that the benefits derived from x-rays far outweigh the hazards, expe- 
cially when used properly and by those who know what they are doing. 

Radiation exposure is defined in terms of the quantity of radiation energy 
absorbed by a part or by all of the body. It is measured in such udits as the 
roentgen, rep, rem, and rad. The roentgen, rep and rem, are def ined in the 
chapter on therapy. The rad (radiation absorbed dose) is the measure of ab¬ 
sorbed energy of any type in any medium such as hard and soft tissue which 
is applicable to human exposure. Radiation exposure must also be qualified 
with respect to time as chronic or acute. Chronic is the exposure to relative¬ 
ly small amounts of radiation over a long period of time. 

Acute exposure is absorption of 25 r or higher in a single dose or in a short 
period of time—24 hours or less. These terms are applicable to whole body ex¬ 
posure as are most terms in this chapter unless otherwise specified. For the 
prevention of radiation injury permissible levels of radiation exposure have 
been set for chronic exposures only. These levels are covered in the chapter 
on photodosimetry. The permissible levels of chronic exposure are based on 
the ability of the body repair mechanisms to function after irradiation. If these 
permissible levels are exceeded, damage may be permanent. It is known that 
a dose of 50 r shows changes in the blood, and that 100 r may produce nausea 
and vomiting. Radiation effect beyond this level varies and is inconclusive. 

In order for us to understand how these effects take place we must begin 
with the basic body structure, the cell. Cells are made up of molecules and 
atoms. When exposed to ionizing radiation the cell structure is altered so that 
the basic forces which tie the atoms together (valence bonds) are changed. 

This causes the molecules, which comprise the cell, to split into two or more 
parts. Some of the parts will be charged as a result of the ionization and will 
interact with the surrounding atoms to produce new substances. Those particles 
not char ged will in due time produce chemical interchanges with the new substan¬ 
ces formed by the charged particles. Living cells consist mostly of water and it 
is safe to assume that radiation striking a cell will strike water molecules (H 2 O) 
and in so doing will probably change the bond between the Oxygen and Hyrogen 
and cause breakdown products. Powerful bleaches, such as hydrogen peroxide 
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may be produced and this powerful bleach can break down the intricate protein 
molecules in the cell. Enzymes are a group of protein molecules which are con¬ 
trol factors for cell division. The enzymes have a sulfur and hydrogen bond and 
the loss of a single atom of hydrogen causes the enzyme to become ineffective. 

Cells are basic living units. Generally speaking groups of cells make tissue 
and groups of tissue make organs. Therefore, altering of the basic cell function 
may well upset body function. Cells have limited life spans. They divide at differ¬ 
ent stages in life to produce daughter cells, which in time become parent cells. 

If the enzymes in the cells are altered cell division may become parent cells. If 
decreased or cell division may not take place at all. Cells not dividing may grow 
to abnormal size and die leaving a void in the tissue. 

Another group of protein molecules play an important part in cell wall forma¬ 
tion. They form barriers which allow only certain necessary substances to enter 
and leave the cell. If the protein molecules of the cell walls are injured, foreign 
substances may pass easily between cells causing temporary or lasting cell in¬ 
jury. Biological effects then may be formed directly or indirectly. The cells ir¬ 
radiated directly may be affected or, by transmission, may affect body cells and 
tissues distant from the point of irradiation. The effects may be seen immediately 
or as in the case of tumors may be delayed. Morphological and functional changes 
may result and depending on the amount of irradiation the effects may be tempor¬ 
ary or permanent. 


Cells differ in radiation response. In 1906, two Frenchmen formulated a law 
known as the Law of Bergonie and Tribondeau: M The radiosensitivity of a tissue 
is directly proportional to its reproductive capacity and inversely proportional 
to its degree of differentiation." Simply stated it means that cells most active in 
reproducing themselves and immature cells are most sensitive to radiation. The 
following is a partial list of cells in decreasing order of radio sensitivity. 


Lymphocytes 
Granulocytes 
Basal Cells 
Bile Duct Cells 

Cells of the Tubules of the Kidneys 


Endothelial Cells 
Connective Tissue Cells 
Muscle Cells 
Bone Cells 
Nerve Cells 


The reaction of radiation injury depends upon the radiosensitivity of the 
organs and tissues and their body functions. Nerve, brain, and muscular tis¬ 
sue are generally insensitive to radiation. Injury to organs or tissues can cause 
a decrease or increase in its products such as enzymes, specialized cells, and 
hormones. It may produce growth alteration or death to the organs and tissues. 
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The decrease or increase in its products can result in like activity of non- 
irradiated organs and tissues. Changes in enzymes that control cell division 
cause altered growth and may produce tumors. Ultimate death may result 
from cumulative cell injury or from permanent damage from acute exposures. 
If injured tissue is not destroyed immediate repair will begin. The routine 
functions, such as tissue production, will be temporarily halted and the cells 
will probably divide at an accelerated pace to replace the injured or dead cells. 
Treatment of radiation sickness is geared to supply the body with necessary 
substitutes during periods of slowed, or non-production. 

The remainder of this chapter deals with radiation effects of tissues and 
organs affected by external radiation encountered daily by the x-ray technician. 

BLOOD . The red bone marrow is the source of the majority of the different 
types of blood cells. The blood in the body is divided generally, as follows: 

45% red cells; 1% white cells and platelets; 54% plasma; the fluid in which 
the blood cells are suspended. There are three major types of blood cells. 

They are listed below with the subtypes of the white cells: 

Erythrocytes.(Red bloodi cells) 

Leukocytes.(White blood cells) 

Lymphocytes 

Granulocytes 

Neutrophils 

Basophils 

Eosinophils 

Monocytes 

Platelets 


The erythrocytes are the most abundant cells. They supply body cells with 
oxygen and food and carry away waste materials. The pigment hemoglobin, 
which turns red in the presence of oxygen, is the source of their color. Of the 
leukocytes, about 22% are lymphocytes; 73% granulocytes comprising different 
segments of the neutrophils, basophils, and eosinophils; about 5% are mono¬ 
cytes. Lymphocytes are thought to produce antibodies which combat infections. 
Granulocytes may also combat certain infections as well as acting as sponges 
in absorbing foreign substances in the blood. Monocytes are thought to be 
formed in the lymphatic tissue and they travel throughout the blood stream 
forming connective tissue. Platelets are the smallest of the blood cells and 
are important in blood clotting. They initiate a series of reactions which turn 
fluid blood into a jelly. Platelets are formed in the red bone marrow and respond 
to any body injury. Radiosensitivity and life span of blood cells are important 
considerations in radiation injury. The following is a table of blood cell life spans: 

Cells Life Span 

Lymphocytes 8 to 24 hours 

Granulocytes 3 days 

Platelets 3 to 6 days 

Erythrocytes 120 days 
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Following irradiation, lymphocytes are the first cells to be lowered in count; 
a few days later, the number of granulocytes are lowered. The lack of white 
blood cells in the body is known as leukopenia. Within a week after extreme 
irradiation the platelet count is lowered. This is due to injury by both platelets 
and the platelet producing mechanisms. Initial effects may produce an acceler¬ 
ation of clotting time, but after this phase platelets are drastically reduced. 

Erythrocyte loss is apparent in about seven weeks. Loss of erythrocytes is 
commonly known as anemia. Pallor, general weakness, and shortness of 
breath are some of the signals of anemia. The results of reduced amounts of 
blood cells are compounded. Loss of white cells increase body susceptibility. 
Normally harmless bacteria now present an additional hazard. Clotting be¬ 
comes difficult and injuries will not heal. The radiosensitivity of the bone mar¬ 
row accounts for the results derived from long durations of chronic exposures. 

A mild leukopenia may develop and persist from exposure to permissible levels 
of chronic exposure. Permanent damage to marrow may result from massive ir¬ 
radiation which exceeds permissible levels. Overtaxed repair mechanisms, as 
a consequence of repeated chronic exposures above the permissible levels, may 
produce gross irregularity in the blood forming tissue. Such irregularity can 
result in severe leukopenia, anemia or leukemia, which is the rapid accelera¬ 
tion of leukocytes. All these could be considered tumorous conditions, and 
might prove to be more ominous than than the acute exposure which causes a 
severe reduction of the blood cells as indicated previously. Injury from acute 
exposure is likely to heal without repeated exposure. Injury from chronic ex¬ 
posures may well be permanent. 

LYMPHATIC SYSTEM 

The lymphatic system consists of a network of tiny tubes called lymph cap¬ 
illaries. Lymph, which is a mixture of lymphocytes, water, and proteins, is 
drawn from body tissues, filtered, and returned to the blood through this sys¬ 
tem. Lymph capillary permeability allows tissue waste and bacteria to be 
transported from the tissues by the lymph. The lymphatic vessels transport 
the contaminated lymph through the lymph nodes, which filter out and destroy 
bacteria from the lymph and replenish its supply of lymphocytes. The largest 
mass of lymphatic tissue is the spleen. It is involved in blood circulation and 
is an important source of lymphocytes. The spleen also removes dead blood 
cells from the blood and stores red blood cells. When needed by the body, 
smooth muscle contraction within the spleen forces the blood cells into the 
blood stream. Protecting the spleen during whole body radiation would insure a 
continuous supply of lymphocytes to the body. Shielding of the abdominal region 
during irradiation would provide this protection. Lymph nodes show the first 
signs of hemorrhage and infection after acute exposure since they are involved 
with lymph circulation. Similar findings could be expected at the spleen since it 
is involved in blood circulation. 
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REPRODUCTIVE ORGANS 


Sexual impotency is the physical inability to engage in the sex act. Sterility 
is the inability to produce offspring. One is not necessarily related to the other. 
About 100 rem of exposure may damage the cells of the sex organs and slow the 
production of sperm in males. Sperm is radio-resistant and therefore irradia¬ 
tion cannot destroy sperm. The prime concern, however, is neither sterility nor 
impotency (for chances of these resulting conditions are rempte) but of increased 
hazards to genetic effects. When indicated, for example, on thoracic spines, 
lead shielding of the abdomen and reproductive organs of patients drastically re¬ 
duces the amount of radiation exposure to these parts. 

GENETIC EFFECTS OF RADIATION 

Genetics is the study of inherited characteristics in the reproduction of a 
species. Such things as eye and hair color are inherited characteristics and are 
controlled by genes. Genes occur in pairs with each pair producing a character¬ 
istic. Meiosis is the special cell division by which ova and sperm are produced 
in the female and male. The genes of the sperm and ovum then combine to pro¬ 
duce the gene pairs which determine offspring characteristics. Genes are classed 
dominant and recessive. For example, a combination of a brown eye gene from 
one parent with a blue eye gene from the other parent, will almost always result 
in an offspring with brown eyes. Brown eye genes then, are dominant, and blue 
eye genes are recessive. Genes may be altered by irradiation so that either dom¬ 
inant or recessive characteristics will differ from those of the parents. Domin¬ 
ant gene mutations usually result in changes to offspring of the first generation. 
Recessive gene mutations are not apparent until they occur in pairs, one from 
each of the parents. Most mutations occur in recessive genes and chances of mu¬ 
tations manifesting themselves in the first generation are slight. Almost all gene 
mutations are undesirable. In humans they can result in stillbirths, abnormali¬ 
ties, and miscarriages. Studies made of radiation genetic effects on the fruit fly 
reveal the following. 

1. Radiation mutations may not manifest themselves before the third genera¬ 
tion. 

2. The frequency of these mutations, the so-called "mutation rate," is di¬ 
rectly proportional to the radiation dose. 

3. There is no threshold dose for occurrence of mutations. The total amount 
of ionizing radiations received by the germ cells (egg cells and spermatozoa) 
during the lifetime of an individual are cumulative. 

These results cannot be directly related to humans but cannot be totally dis¬ 
regarded. A dose as low as 20 r, chronic or acute, may increase the chances of 
mutations by 25%. 
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THE ALIMENTARY CANAL 


The mouth, pharynx, esophagus, stomach, and the large and small intestines 
comprise the alimentary canal. Highly specialized cells in the canal walls secrete 
substances which convert food particles into absorbable materials. The passing 
food often breaks some of the cells free and a constant need for cell replacement 
exists. Irradiation first affects the alimentary canal by impairing secretion and 
discontinued cell production. This causes nausea and vomiting. Then, cell break¬ 
down follows and massive amounts of cells are released from the canal walls and 
the intestinal folds become cluttered with debris. Thirst results from continued 
vomiting, and powerful digestive juices irritate previously unexposed cells caus¬ 
ing convulsions in the intestines, and diarrhea. The irritation of exposed cells 
and tissue may also produce ulcers. Diarrhea, the evidence of intestinal damage 
may be accompanied by a loss of blood through the bowels in severe cases. 

LIVER AND GALL BLADDER 


The liver is the largest gland in the body. It secretes bile for digestion and 
causes important changes in blood substances, such as conversion of sugar into 
glycogen. The gall bladder stores and concentrates the bile secreted by the liver, 
and when needed for digestion, the bile passes from the gall gladder to the stom¬ 
ach. Injury to these glands by irradiation may upset digestion, thereby affecting 
an important body function. Apparently, the gall bladder is not affected by small 
doses of external radiation, but production of fatty acids in the liver may be al¬ 
tered causing a change in one phase of the body metabolism. 

BONES 

Bone structure, other than the highly radio-sensitive red marrow cells, is 
little affected by radiation. The red marrow, which has a blood forming function, 
is restricted in adults to the skull, breast bone, ribs, pelvis, and spine. Damage 
to the red marrow results in the blood changes which were previously covered. 

RADIATION AND CANCER 


In general, a tumor is a mass of abnormal tissue which results from changes 
in normal body tissue. It persists and grows independently of surrounding struc¬ 
tures. A cancer is a tumor which alters adjoining structures by invasion and des¬ 
truction. Radiation is used in therapy to destroy the rapidly dividing and highly 
radio-sensitive cancer cells. Some cancers develop spontaneously. Others take 
long periods of time and gradual changes in tissues are signs of impending cancer. 
The hazards of radiation-caused cancer are minimized if recognized and treated 
when these changes first become apparent. The long-term cancer hazard compli¬ 
cates the problems of establishing permissible levels of ionizing radiation since 
the development of cancer from ionizing radiation may take three or more decades 
to become apparent. 
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This chapter attempts to provide a very basic but better insight into radia¬ 
tion effects and the reason that radiation safety is constantly stressed. A 
healthy respect for the potential hazards of ionizing radiation is essential. Fear 
has no place in the x-ray technician’s makeup for we must realize that radia¬ 
tion, like fire, can greatly benefit mankind. However, without proper precaution 
and respect for either agent, we can get more than our fingers burned. Your 
cooperation depends upon your recognition of the hazards, and the observance of 
all safety measures. Through knowledge of radiation and its effects you can pro¬ 
tect yourself and your fellow x-ray technicians from the most insidious form of 
radiation injury, chronic exposure. 
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GLOSSARY 


PREFIXES 


A, the equivalent of the prefix, un or 
in, denotes an absence of 
Ab, off, or away from 
Ad, to, or toward 
Amphi, upon both sides 
Anti, opposite of 

\ Apo, off, away, implying separation 
1 or derivation 

I Bi, two 
Bio, life 

Broncho, pertaining to the bronchus 
Cardio, pertaining to the heart 
Chiro, pertaining to the hand 
Co, Con, together or along with 
Costo, relationship to the ribs 
Dactyl, pertaining o the fingers 
Derma, Dermato, pertaining to the si 
Di, twice 

Dia, through or apart 
Dyne, force; power 
Dys, difficult; defective 
Ec, Ex, Ecto, out; outside; away from 
En, Em, in; within 
Endo, Ento, within 
Entero, pertaining to the intestines 
Epi, upon; above 
Ectra, Extro, outside 
Gastro, pertaining to the stomach 
Hema, Hemato, pertaining to the blood 
Bemo, hemorrhage 
Hemi, Half 

Hepat, pertaining to the liver 
Hetero, different; opposite 
Hydro, water 

Hyper, excess; above; beyond 
Hypuo, pertaining to sleep 
Mypo, beneath; under or deficient 
Hjstero, pertaining to the uterus 
Heo, pertaining to the ileum 


hn, In, negative 

In, in; within; into 

Infra, beneath 

Inter, between 

Ultra, within; inside of 

Iso, equal; like 

Kilo, meaning one thousand 

Leuko, whiteness 

Lltho, pertaining to stone 

Macro, large; abnormal size 

Mai, bad; abnormal 

Meg, from word mega, meaning a million 
times 

Melano, blackness; pigmentation 

Meso, the middle 

Meta, After, beyond 

Micro, smallness 

Mono, singleness 

Morpho, shape; form 

Multi, many 

Myelo, pertaining to bone marrow; 

specifically to brain or spinal cord 
Myo, pertaining to muscle 
Neo, new; recent; young 
Nephr, pertaining to the kidney 
Neuro, pertaining to nerves 
Ob, Oc, in front of; against 
Odonto, tooth-like 
Opthalmo, pertaining to the eye 
Ortho, straight; normal; correct 
Osteo, pertaining to bone 
Oto, pertaining to the ear 
Oxy, denoting the presence of oxygen 
Pan, Pant, all; every; universal 
Peri, about; around 
Pneumo, indicating air containing 
Pod, pertaining to the foot 
Poly, many; much 
Prae, Pre, before 
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Pro, before; In front of 

Proc, P roc to, pertaining to the anua 

Pseudo, false 

Pyo, pertaining to pus 

Pyr, Pyro, pertaining to fire or heat 

Retro, backward; behind 

Rhln, Rhino, pertaining to the nose 


Semi, pertaining to half 

Sphyg, pertaining to the pulse 

Sub, beneath; a deficiency of 

Super, excess of; above 

Supra, above; upon 

Sym, Syn, with; together; same 

Temporo, pertaining to the temple 


SUFFIXES 


Agogue, inducing; dispelling or guiding 
Agra, seizure of acute pain 
Algia, indicating painful condition 
Atresia, imperforate 
Cele, a tumor or swelling 
Ectomy, excision 
Emia, pertaining to blood 
Graph, Graphy, a record 
la, denotes the quality of the chief cord 
Is, Sis, presents the abstract idea of 
activity of the root-word 
Ism, implies the doctrine, nature, or 
theory of the principle word 
Itis, denotes inflammation of 
Logy, a science 

Lysis, a loosening, a separation 
into constituent parts 
Malacia, abnormal softness 
Mania, the chief word denotes the prin¬ 
ciple symptom of the mental 
affection 


Meter, an instrument for measuring 
Oid, similar to shape denoted by the root- 
word 

Oma, pertaining to a tumor 
Opia, pertaining to the eye or vision 
Osls, denoting fullness, redundancy, excess 
Pathy. denoting a morbid condition or 
disease 

Phobld, morbid or exaggerated fear or 
dread 

Plasty, surgical plastic operation upon a 
part 

Rhea, an excessive discharge or excretion 
Scope, an Instrument for making a visual 
examination 

Scopy, a visual examination 
Stomy, pertaining to a surgical operation 
in which an artificial opening or passage 
is formed 
Tomy, incision 
Uria, condition of the urine 


PHYSICAL, RADIOLOGICAL AND MEDICAL TERMS 


Abduct, to draw away from the midline 
Abscess, a localized area of Infection 

Absorption, a condition in which a liquid or gas is taken up ty, and fills, the inter¬ 
stitial spaces or a porous substance 
Acceleration, the rate of change of motion or action 
Accessory, additional or supplimentary 

Achondroplasia, a bone disease in which the cartilage is not properly replaced by 
bone 

Acrania, congenital lack of cranial bones 
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Acromegaly, a disease of the pituitary gland in adults which produces an overgrowth 
of bone 

Actinic, that portion of light which affects a photographic emulsion 
Actinomycosis, a fungus infection 
Adenoma, Adenomata, tumor of gland-like structure 
Adenopathy, enlargement of the lymph nodes. 

Adjustable Resistance, a resistance whose value may be adjusted 
Agenesia, complete failure of a part or organ to develop 

Air Dielectric, the value of air as a dielectric is taken as 1, and the value of other 
dielectrics are based on a comparison with the value of air 
Air Dose, the dose of radiation measured in roentgens in free air 
Air Gap, the air space between the ends of conductors 

Air Insulation, the use of air as an insulator, with or without additional insulation 
of other materials 

Alloy, a metal composed of two or more metals 

Alpha Particles, a positively charged particle that is emitted from the nucleus of 
certain radioactive elements 

Alternating Current (AC), the time-rate of flow of electric charge periodically first 
in one direction and then in the opposite direction 
Alternating Current Generator, a generator producing alternating currents 
Alternating Current Instruments, instruments which measure or record the various 
values of alternating currents such as voltage, amperage, phase, frequency, etc. 
Alternating Current Rectifier, a device for changing alternating current into direct 
current by electrical, mechanical or chemical action 
Alternations, one-half cycle of an alternating current 
Alternator, a generator which produces an alternating current 
Alveolar Process, the bony process which serves as a support for the teeth 
Alveolus , Alveoli, terminal air sac or sacs of the lung 

Ambient Temperature, the temperature of the air or other medium surrounding the 
heated parts of an electrical device 

American Wire Gauge (A. W. G.), the gauge generally adopted and used for measuring 
the size of wires in the United States 

Ammeter, an instrument which measures and indicates the number of amperes flow¬ 
ing in an electric circuit 

Ammeter Shunt, a low resistance conductor placed in parallel with an ammeter so 
that the greater part of the measured current flows through the shunt, only a 
small part of the total flow going through the ammeter itself 
Amperage, the strength of an electric current in amperes 

Ampere, the steady current which deposits silver at the rate of 0.001118 gram per 
second, from a solution of nitrate of silver in water, is taken as a unit of current; 
or, it has been computed that one ampere of current corresponds to a flow of 
6.25 x 10 18 electrons per second, that is, 6.25 billion billion electrons per second. 
-Ajnpere Hour, a measure of quantity of electricity: the quantity that flows through a 
circuit in one hour when the flow is one ampere. 

-A-fflorphous, without definite form; not crystalized 
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Anatomy, the science which deals with the structures and organs of the bocfy and 
the relationship of one to another 
Anesthesia, suspension of sensation In a part or organ 
Aneurysm, an abnormal sacculation or pouching of a blood vessel 
Angioma, a blood vessel tumor 

Angstrom Unit, a unit of length usually reserved for expressing wave length. One 
Angstrom equals 10cm. 

Anion, a negatively charged Ion 

Ankylosis, complete lack of motion of a joint 

Anneal, to soften by heating and allowing to cool slowly 

Anomaly, an unusual variation in the development of a structure or organ 

Anterior, the front part of the body 

Anthracosis, a disease of the lungs from prolonged Inhalation of fine particles of 
coal dust 
Apex, tip or top 

Aorta, the large artery which carries the blood away from the heart 
Appendicitis, inflammation of the vermiform appendix 
Apposition, to bring two surfaces into contact 

Arachnoid, the middle fibrous layer of the meninges covering the brain 
Area of Conductor, the size of a section through a conductor, usually measured in 
circular mils 

Armored Cable, conductor cable having a woven or spirally wound metallic covering 
over its insulation so that it is protected against mechanical injury 
Arteriography, roentgenographic examination of the arteries after the Injection of 
an opaque media 

Arteriosclerosis, hardening of the arteries 
Arthritis, inflammation of a joint 

Arthritis Deformans, a type of arthritis characterized by marked deformity 

Articular, pertaining to a joint 

Articulation, the joining of two or more bones 

Artificial Magnet, a manufactured permanent magnet 

Arteriole, a small air passage or artery 

Asthma, a spasmodic condition of the respiratory tract causing extreme expiratory 
difficulty 

Atelectasis, devoid of air 

Atom, the smallest part of an element, ft consists of a nucleus, composed (with the 
exception of hydrogen) of a number of protons and neutrons, and of an extra- 
nuclear portion composed of electrons equal in number to the nuclear protons 
Atomic Number, integer that expresses the positive charge of the nucleus in mul¬ 
tiples of the electronic charge 

Atomic Structure, a theory that matter is composed of a vast number of particles, 
or atoms, bound together by a force of attraction 
Atomic Weight, the weight of one atom of an element as compared to the weight of 
an atom of hydrogen. One atomic weight unit is equal to 1.660 x 10~^ gms. 
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Atresia, narrowing of the opening of a passage or tube 
Atrium, any of the various cavities or chambers 
Atrophic, wasted 

Atrophy, wasting away of a tissue or part 

Attraction, the effect between magnetized bodies or between a magnet and iron or 
steel by which they are drawn together 
Atypical, not typical; an unusual type 

Auricular, pertaining to the ear or to an auricle of the heart 

Auto-Transformer, a transformer in which the primary and secondary are combined 
Axial, in the direction of, or along an axis of, a structure or part 
Axilla, the cavity beneath the junction of the arm and the shoulder 
Azygos, impaired 

Ballistic Meter, an ammeter having a weighted needle used to measure milliampere 
second - the product of milliamperes and time (in seconds) 

Basilar, pertaining to a base or basil part 

Battery, a group of cells or often a single cell producing an electric current 
Bechterew's Spondylitis, a disease of the spine resulting in complete ankylosis 
Benign, innocent or not malignant 

Beta Particles, a negatively charged particle that is emitted from the nucleus of 
certain radioactive elements 

Bicipital Groove, a furrow located between the two tuberosities of the humerus 

Bifid, cleft or forked 

Bifurcate, branching or dividing 

Bifurcation, dividing into two branches 

Bilateral, on both sides 

Blastomycosis, a fungus infection 

Bronchiectasis, a condition in which there is prominent saccular dilitarion of the 
bronchi 

Bronchiole, the smaller subdivision of the bronchi 
Bronchitis, inflammation of the air tubes which supply the lungs 
Bronchogenic, having origin from a bronchial structure 

Bronchogram, a radiograph of the lungs after the injection of an opaque material 
Bronchography, radiography of the bronchial tree after the injection of some 
contrast medium 

Broncholithiasis, a condition in which calculi are formed in the bronchi 
Bronchopneumonia, a type of lung infection which spreads to the lungs from the 
bronchi 

Bronchoscopy, an examination of the bronchi with the use of a bronchoscope 
Bronchostenosis, narrowing or constriction of a bronenus 
Bronchus, either of the two main branches of the trachea 

Bucky-Diaphragm (Potter-Bucky Diaphragm), a device used in radiography consist¬ 
ing of a grid of lead strips so arranged as to reduce the effect of secondary 
radiation on a radiograph 
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Bursa, a sac or sac-like cavity filled with a viscid fluid and situated at places in 
the tissues in which friction would otherwise develop 
Bursitis, inflammation of a bursa 

Bus Bar, a heavy rod or bar of copper, carrying one of the main circuits on a 
switchboard or between distributing points 

Cable, a conductor composed of a number of separate conductors 
Calcification, the depositing of calcium salts in a tissue 
Calcinosis, deposit of calcium in soft tissues in locations where they are not 
normally found 

Calculus, an abnormal concentration occurring within the bocfy, and usually com¬ 
posed of mineral salts 

Calibrate, to compare the readings of a measuring instrument with some fixed 
standard or with another instrument 

Calibration (X-Ray), the determining of the KvP value of each autotransformer tap 
at various milliamperages, checking these values by means of a sphere-gap or 
a pre-reading voltmeter 

Calicosis, A disease of the lungs caused by prolonged inhalation of fine particles of 
calcium dust 

Callus, the plastic exudate oozed about the fragments of a broken bone and accomp¬ 
lishing the work of repair 

Calyx (Calyces), a cup-shaped organ or cavity; especially any one of the recesses 
of the pelvis of the kidney which encloses the pyramids 
Canal, an open passageway 

Cancellous Bone, the soft, spongy portion of the ends of a long bone 

Cancer, any malignant new growth of cells 

Canthus, the angle between the upper and lower eyelids 

Capacitance, the inherent property of an electric circuit that opposes any change in 
voltage in the circuit. It is also defined as "The property of a circuit whereby 
energy may be stored." 

Capacitor, a device for holding and storing charges of electricity 
Capacity, used in electricity to indicate the full extent to which a condensor can be 
charged; often used to indicate an actual charge on any electrode 
Carcinoma, a cancer of epithelial origin 

Cardboard Holder, a light-tight film container made of heavy cardboard and paper 
used in radiography 
Cardia, heart 

Cardiac, pertaining to the heart or to the end of the stomach nearest the heart 
Cardio-Angiography, radiography of the heart and great vessels after intravenous 
injection of opaque fluid 

Cardiophrenic Angle, the angle between the margin of the heart and the diaphragm 
Cartilage, gristle or tough fibrous substance found at the ends of bones 
Cartilaginous, composed of cartilage 

Cassette, a light-tight film holder usually containing a pair of intensifying screens 
used in radiography 
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Cathode, the negative terminal of an electrical apparatus 
} Cathode Rays, a stream of electrons leaving the cathode in a discharge tube 
Cation, positive ions 
Caudal, toward the lower end of the body 

Centigrade, a scale for the recording of temperature with freezing at 0°C., and 
boiling at 100° C. (distilled water at sea level) 

Central Ray, the center of the beam of x-rays coming from an x-ray tube 
Cephalad, toward the head 
Cephalic, pertaining to the head 

Cephalometer, an instrument for determining the size of the fetal head 
Cervical, pertaining to the neck 

Characteristic Radiation, secondary radiation typical of a given element 
Choke Coil, a coil havine hiurh inductance but low ohmic resistance, used in a 
circuit to limit the flow of current 
Cholangiogram, a radiograph of the gallbladder and bile ducts 
Cholangiography, a radiographic visualization of the gallbladder and bile ducts 
Cholecystitis, inflammation of the gallbladder 
Cholecystogram, a radiograph of the gallbladder 
Cholecystography, a radiographic visualization of the gallbladder 
Cholecystolithiasis, presence of gallstones in the gallbladder 
Chondritis, inflammation of cartilage 
Chondroma, a benign cartilaginous tumor 

Cinefluorography, the process wherein motion pictures are produced of the Images 
appearing on a fluorescent screen 
Circuit (Electrical), the course traversed by an electric current 
Circuit Breaker, a form of switch, usually automatic in action, which opens a cir¬ 
cuit under abnormal or dangerous conditions 
Circular Mil, the area of a circle 1/1000 inch (1 mil.) in diameter 
Clinoid Processes, the anterior and posterior projections from the sella turcica 
Coefficient, a number which indicates the rate or amount of change in some condi¬ 
tion that is brought about by other changing conditions 
Cohesion, the force which unites the particles of a body 
Coil, an insulated wire wound in the form of a spiral 
Colostomy, an artificial opening into the colon 
Colles' Fracture, fracture of the distal end of the radius 

Collision, a close approach of two or more objects (particles, photons, atomic or 
nuclear systems) during which there occurs an interchange of quantities such as 
energy, momentum and charge. 

Coma, a state of complete loss of consciousness from which the patient cannot be 
aroused even by the most powerful stimulation 
Comminuted, a bone is splintered or crushed 
Compensator, a correcting device 
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Compton Effect, the interaction of a photon with matter, wherein a part of the energy 
of the photon is transferred to an orbital electron of an atom. The photon then 
proceeds with diminished energy and with altered direction (and hence longer 
wave length) 

Compound, a substance formed by two or more elements 
Condensor, (see capacitor) 

Conductance, the ease with which a conductor carries an electric current 
Conductor, materials in which a current flow is readily established are known as 
conductors 

Condyle, a rounded or knuckle-like process for articulation 

Cone, a metallic tubular extension to place between the x-ray tube and the patient to 
limit the field of examination 
Configuration, the general form of a body 
Congenital, present at birth 

Congestion, excessive stagnation of blood from interference with normal circulation 
Consolidation, solidification of a porous structure 

Constant Decay, the ratio of the radioactivity lost by a material per unit time to the 
radioactivity of the material 

Constant Dielectric, the dielectric value of any substance compared with air, which 
is taken as one 

Constriction, the narrowing of the lumen or opening of a tubular structure 
Continuily, the quality of being continuous; a union of parts so complete that they 
cannot be separated without laceration or fracture 
Contrast (Radiographic), the difference in densities of a radiograph as perceived 
by the naked eye 

Contrast Media, substance introduced into a tissue or organ to render possible 
radiographic visualization of the part 
Convergence, the coming together of lines or rays 

Convolutional Atrophy, atrophy of the bones of the skull; taking on the form of the 
convolutions of the brain, due to increased intra-cranial pressure 
Coracoid Process, hook-like projection of the scapula 

Coronal Plane, frontal plane or plane parallel to the body, separating the body into 
anterior and posterior portions 

Coronoid Fossa, the depression located on the anterior, distal surface of the humerus 
Coronoid Process, a bony prominence near the proximal end of the ulna 
Corpus, body 

Cortex, the outer layer of an organ as distinguished from its inner substance 
Cortical Necrosis, death or destruction of the cortical or functioning portion of an 
organ 

Cosmic Rays, ionizing radiation from outer SDace with energies as great as 10to 
1()15 electron volts bombarding the earth and its atmosphere 
Costal, pertaining to the ribs 

Costophrenic Angle, angle formed by the ribs and diaphragm 
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Coulomb, the practical unit of electric charge. The quantity afforded by an ampere 
of current in one second flowing against one ohm of resistance with a force of 
one volt 

Counter Electromotive Force (CMF), a voltage or electromotive force which opposes 
the normal or impressed voltage in a circuit and sends current in the opposite 
direction 

Cranial, pertaining to the head 
Crest, a prominent ridge 

Crookes' Tube, a vacuum tube used by Sir William Crookes in early experimental 
work 

Curie, the quantity of radon in equilibrium with one gram of radium 
Current (Electric), the flow of electrons 
Cutaneous, pertaining to the skin 

Cyanosis, deficient oxygenation of the blood resulting in a bluish appearance of the 
skin 

Cycle, one complete wave of an alternating current 

Cyst, any sac, especially an encapsulated collection of fluid normal or otherwise 
Cystitis, inflammation of the urinary bladder 

Cystogram, a radiograph of the urinary bladder after distention of the bladder with 
a contrast media 

Cystography, x-ray examination of the urinary bladder after the distention of the 
bladder by a contrast media 

Cystoscope, an instrument for visual examination of the inside of the urinary bladder 

D'Arsonval Meter, a voltmeter or ammeter whose pointer is attached to a wire 
carried between the poles of a permanent magnet 
Decubitus, lateral position, patient lying on side 

De-Energize, to stop current from flowing in an electrical circuit or portion thereof 
Deflection, the movement of the indicating pointer of an electric measuring 
instrument 

Demagnetization, causing the magnetism to disappear from a magnet 
Density (Radiographic), the relative "blackness" of areas on an x-ray film after 
exposure to x-ray and processing 

Depth Dose, the amount of radiation actually being delivered within the tissue being 
treated 

Dermoid, a tumor containing elements of skin structure 
Detail, the clearness in a radiograph of the finer structures 

Developer (X-Ray), the solution used for the development of the radiographic image 
on x-ray film 

Diagnosis, the art of distinguishing one disease from another 
Diaphragm, the musculo-membranous partition that separates the abdomen from 
the thorax 

Diastole, the resting stage of the heart 

Dielectric Strength, the ability of an insulating material to resist electric potential 
or voltage 
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Difference of Potential, the difference of voltage or electric pressure between two 
points 

Dilatation, enlargement 

Direct Current (DC), an electric current flowing always in the same direction 

Discrete, well defined and clear-cut in appearance 

Discharge, a passage of electricity from a source 

Distal, remote; farthest from the center. Opposite of proximal 

Distention, the state of being distended or enlarged 

Distortion, variation from the normal contour; misshaped appearance of the radio- 
graphic image 

Diverticulum, an outward pouching between the muscular coats of a hollow organ 
Dorsal, the back of a part 

Dose, the amount of radiation delivered at a specific point 
Dosage rate, the time rate at which radiation dose is applied 
Double Exposure, two superimposed exposures on the same film 
Double Focus Tube, an x-ray tube having two focal spots 

Double Pole (DP), connected to both sides of a circuit, or arranged for connecting 
into two circuits 

Double Throw Switch (DT), a knife switch whose blades are pivoted at the center of 
the switch and arranged to make contact with connections at either end of the 
switch so that a circuit may be completed through either of two paths 
Ductile, the properly which permits a metal to be drawn into wire 
Dry Cell, a primary electric cell using carbon and zinc for electrodes 
Dryer, device for drying x-ray film after processing 

Ecchymosls, the escaping of blood from the vessels into the surrounding tissues 
Ectopic, misplaced; improperly located 

Eddy Currents, the currents induced in a mass of conductive material by a varying 
magnetic field 

Edema, an abnormal outpouring of clear fluid into the connective tissues from the 
blood stream 

Edentulous, without teeth; loss of teeth 

Effective Wave Length, the wave which would produce the same penetration as an 
average of the various wave lengths in a heterogeneous bundle of rays 
Efficiency (Electrical), the ratio of the useful work or output of an electrical device 
to the power supplied to it 

Effusion, abnormal collection of fluid in a body cavity 

Electric Horsepower, the horsepower measured in watts. 746 watts equals one 
electrical horsepower 

Electrode, a terminal of a conductor of electricity, usually of metal or carbon 
Electrolite, any solution which conducts electricity by means of its ions 
Electromagnet, a temporary magnet made by passing an electric current through a 
coil of wire, surrounding a core of soft iron, 

Electromagnetic Field, the magnetic field produced about an electromagnet 
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Electromagnetic Induction (Law Of), Magnetic lines of force, cut at right angles by 
a conductor or electricity, induce in that conductor an electric current 
Electromotive Force, the pressure of an electrical charge; or voltage 
Electron, a small negatively charged body forming part of the atomic structure 
Electroscope, an instrument for the detection of small charges of electricity 
Electrostatic, static electricity 

Element, substances which cannot be decomposed by the ordinary types of chemical 
reaction or made by chemical union 

Emanation (In Radiology), a gaseous disintegration product given off from radio¬ 
active substances 

Emphysema, distension of the tissues with air 
Empyema, pus in the pleural cavity 

Encephalography, radiographic examination of the brain after the removal of fluid 
from the spine and the injection of a contrast media 
Encroachment, invasion of one tissue by another 

Enema (Barium), an injection of an aqueous suspension of barium sulfate into the 
large bowel 

Endocardium, lining of tne heart cavities 
Endosteum, lining of the bone cavities 

Energize, to cause a magnetic material such as a magnet core to become magne¬ 
tized or magnetic. To send current through a circuit or through a winding or 
coil 

Energy, capacity for performing work 

Epicondyle, an eminence upon a bone and above its condyle 

Erosion, necrosis of the edge of a solid structure 

Erythema dose, the amount of radiation that will redden normal skin 

Etiology, cause of a pathological state or disease 

Eventration of Diaphragm, an unusually high position of the diaphragm 

Eversion, outward rotation. (Opposite of Inversion) 

Exit Dose, an x-ray dose to the skin opposite to the irradiated surface 
Exposure, the subjection of a photographic film to the effects of light, or x-ray 
Exostosis, an outgrowth of bone 
Extension, straightening out of a part 

External, situated or occurring on the outside. (Opposite of internal) 

Extravasation, the escaping of blood or other body fluids into the surrounding tissues 


Facet, a small, smooth area on a bone, usually for articulation 
Fahrenheit, a scale for the recording of temperature, the freezing point of water is 
indicated as 32°, the boiling point as 212° 

Farad, the unit in which electrostatic capacity is measured. It is the capacity of a 
condensor which will give a pressure of one volt when a current of one ampere 
flows into it for one second. A condensor whose potential is one volt with a 
charge of one coulomb 

Fibroma, a benign tumor of fibrous tissue origin 
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Field, the space In which.there are magnetic lines of force about a magnet 
Field Coil, the windings or conductors around the field magnets of generators, 
motors, etc. 

Field Magnet, the iron and steel parts through which the field lines of force pass 
in a generator or motor 

Field Pole, one of the ends of the field magnet between which an armature of a 
generator or motor rotates 

Filament, a fine thread-like conductor that carries current in an incandescent lamp 
and which becomes white hot to give light; also, the conductor in a vacuum tube 
that may be heated to produce a supply of electrons directly or heated to in 
turn heat a cathode which will produce free electrons 
Filament Control (X-Ray Unit), a device for regulating the filament temperature 
of an x-ray tube 

Filament Transformer, a step-down transformer that supplies the current for the 
x-ray tube filament 

Film (X-Ray), a thin, flexible, transparent sheet of cellulose acetate or similar 
material coated with a light-sensitive emulsion 
Filter, used in x-ray physics to indicate a sheet of metal through which the rays 
pass before striking the object to be examined or treated 
Filtration (X-Ray), the passing of a roentgen ray through certain metals or other 
materials by which the non-penetrating or soft rays are removed, only the 
penetrating or hard rays passing through 
Fission, the dividing of an atom (heavy nucleus) into two approximately equal 
parts by means of neutron bombardment 

Fissure, any cleft or groove, normal or otherwise, especially a deep fold in the 
cerebral cortex which involves the entire thickness of the brain wall 
Fistula, a false tract into the tissues 
Fixed Resistance, a resistance that is not adjustable 

Fixer, solution used in the processing of x-ray film which removes all of the un¬ 
exposed silver halide crystals and fixes the image onto the film permanently 
Flaccid, without tone or flabby 
Flatus, gas in the Intestines 

Flexion, the act of bending or the condition of being bent (opposite of extension) 
Fluctuating Current, a current whose voltage and amperage change at irregular 
intervals while always flowing in the same direction 
Fluorescence, the emission of visible light by a crystal when subjected to an 
activating source 

Fluorescent Screen, a sheet of radioluscent material coated with a crystallin com¬ 
pound which fluoresces when exposed to x-rays 
Fluoroscope, a piece of x-ray apparatus consisting of an x-ray tube properly 
housed and mounted so that x-rays emanating from the tube will strike upon a 
fluorescent screen. 

Fluoroscopy, examination by means of a fluoroscope 

Flux, the magnetism of lines of force flowing through a magnetic circuit. 

(Measured in maxwells) 
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Flux Density, the number of lines of force in a given cross sectional area 
Focal Skin Distance, the distance from the focal spot to the skin of the patient 
Focal Spot, the small spot on the target of an x-ray tube which receives the impact 
of the electron stream from the cathode, and from which x-rays are emitted 
Fog (Photographic), a hazy appearance of a radiograph due to exposure to light or 
x-ray or subjection to unusual chemical action 
Fontanelle (Fontanel), the region of the soft spot in a young baby's head 
Foot Pound, the work required to raise a mass of one pound a distance of one foot 
vertically against gravity 
Foramen, a hole or opening in a bone 

Force, that which changes the speed or motion of anything, either to cause motion, 
to increase or decrease the speed, to stop motion 
Fossa, a hollow depression in a bone 
Fracture, a fracture is a break in the continuity of a bone 
Fracture, types of 

Greenstick, one side of the bone is broken and the other side is intact 
Spiral, the bone is twisted apart, resulting in a "spiral shaped" fracture 
Transverse, a fracture at a right angle to the long axis of a bone 
Comminuted, the bone is splintered or crushed 

Impacted, a fragment or portion of a bone is firmly driven into another, the 
two remaining tightly wedged 

Frequency (F), the number of cycles per second of an alternating current 
Frontal, pertaining to the front portion of the body 
Frontal Plane, see Coronal Plane 

Fuse, a protective device made of wire, or strip of fusible metal inserted in a cir¬ 
cuit and melting when the current becomes too strong 
Fusion, the operative establishment of bony union between the epiphysis and 
diaphysis of a bone 


Galvanometer, an instrument for measuring small currents or voltage 

Gamma Ray, electromagnetic radiation of extremely short wave length emitted by 
radioactive elements 

Gangrene, necrosis of tissue plus putrefaction 

Generator, a machine which changes mechanical power into electrical power 

Glenoid Cavity, the scapular part of the shoulder joint 

Glenoid Fossa, the depression for articulation with the condyle of the mandible 

Gonads, sex glands 

Grain, the degree of coarseness of a screen or film emulsion 

Grid (Vacuum Tube), a meshwork of wire interposed between the anode and cathode 
of an electron tube 

Grid (X-Ray Device), a device composed of alternate thin strips of lead and a radio- 
1 us cent material encased in a suitable binder placed between the patient and the 
radiographic film to absorb some of the scattered secondary radiation that 
would otherwise be detrimental if permitted to reach the film 
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Ground (Electricity), an electrical connection to the earth either directly or 
indirectly 

Grounded Circuit, a circuit completed through ground, through the earth, or the 
metal parts of electrical parts 

Grounded Neutral, a grounded, neutral, wire in a three-wire circuit 


Half Value Layer, the thickness of a given material, in addition to the normal work¬ 
ing filter, required to reduce x-radiation intensity by 50% 

Hanger, a device to which film is secured in order to be placed in the processing 
tanks 

Heat Loss, the loss of power due to increased resistance in heated conductors 

Helix, anything having a spiral form. (Helix of wire) 

Henry, a unit of measure of inductance; inductance of a circuit in which an electro¬ 
motive force of one volt is induced by a current varying at the rate of one 
ampere per second 

Hepatic, pertaining to the liver 

Heterogeneous Radiation, radiation having several different frequencies or wave 
lengths 

High Tension, high voltage; voltage of 1,000 or more volts 

Hilum (Hilus), a depression or pit at that part of an organ where the vessels and 
nerves enter 

Homogeneous Radiation, radiations having an extremely narrow band of frequencies 
or wave lengths 

Horsepower (H. P.), the unit in which mechanical or electrical power is measured. 
One horesepower is the power required to raise 33,000 lbs. one foot in one 
minute 

Hot Cathode Tube (Coolidge Tube), any x-ray tube utilizing a heated cathod for its 
source of electrons 

Hysteresis, the phenomenon in which the magnetism of a sample of iron or steel, 
produced by a magnetic field, lags behind the field when the field is made to 
vary through a cycle of values 

Hysteresis Loss, the work or power required to reverse the direction of magnetism 
in iron or steel 

Idiopathic, of unknown origin 


Ileus, Obstruction to the normal flow of intestinal contents that may be either 
mechanical or paralytic 

Image, used in radiography and photography to designate the impression made on 
an x-ray or photographic film by x-rays or light 
Impedance (Z), the apparent resistance of an alternating current circuit. E is equal 
to the vector sum of the resistance and the reactance of the circuit. (Symbol "Z") 
Impedance Factor, the ratio of the alternating current impedance in a circuit to the 
ohmic resistance in the same circuit 
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Implant, a small tube containing radium for implantation in tissue 
Impulse, one alternation of an alternating current. One-half of a cycle 
Impulse Timer, an instrument used in radiography for timing fractional second 
exposures 

Induced Current, current caused by mutual or electromagnetic Induction 
Induced Electromotive Force, the electromotive force induced in a conductor by a 
magnetic field of changing intensity or direction 
Induced Magnetism, magnetism produced by the action of electric current or by the 
action of other magnets 
Inductance, see Henry 

Induction, the appearance of an electric current or of magnetic properties because of 
the presence of another electric current or magnetic field nearhy 
Induction Coil, an apparatus for transforming a direct current, such as an ordinary 
battery current, by induction into an alternating current of high potential 
Inductor, a part of an electrical apparatus which acts upon another, or is itself acted 
upon, fay induction 
Inferior, below; beneath 

Insulate (Electrical), to separate from conducting bodies by means of non-conductors 
or insulators 

Insulator, a dielectric material used to confine or prevent the flow of an electric 
.current 

Intensifying Screen, composed of fluorescent material placed in contact with an 
x-ray film to intensify the action of x-rays in radiography 
Intercostal, between the ribs 

Inverse Square Law, the law which is applied to all point-source radiation; the inten¬ 
sify of illumination is inversely proportional to the square of the distance 
Inversion, inward rotation (opposite of eversion) 

Ion, a charged atom or molecular-bound group of atoms; sometimes also a free 
electron or other charged sub-atomic particles 
Ion Pair, positive and negative charged ions formed by the ionization of a single atom 
bnization, the process wherein ions are produced 

Ionization Chamber, . an instrument for measuring quantify of radiation as a function 
of the ionization produced by radiation 

Inn Loss, the loss of power due to hysteresis, and to eddy currents in the iron 
cores of electric devices 

Irradiation, the application of x-rays or other ionizing radiation; i.e., therapeutic 
radiation 


Joule (J), the energy expended in one second by an electric current of one ampere 
in a resistance of one ohm and is equal to 0.738 foot pounds 
Jumper, a conductor connected around a part of a circuit, the connection being 
made for emergency work or test purposes 
Junction, the point of joining or uniting 
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Kenetron, a valve tube for rectification of high voltage current 
Kilovolt, unit of electromotive force or potential equal to 1,000 volts 
Kilovolt Ampere (KvA),. alternating current generators are rated in kilovolt-amperes 
instead of kilowatts. KvA is determined by the formula Kv x I equals KvA 
Kilovolt Peak (KvP), the crest value of electromotive force or potential, in kilo¬ 
volts, of a pulsating source of electric potential 
Kilowatt, a unit equal to 1,000 watts 

Kilowatt-Hour, a unit of energy equivalent to the work done by one kilowatt in one 
hour 

Kirchhoff's Law, the algebraic sum of the currents which meet at any point of a 
circuit is zero 

Kymograph, a piece of x-ray apparatus used in recording the range of motion of 
various organs, especially chambers of the heart throughout the cardiac cycle 
Kymography, a graphic recording of the movements of an organ or structure on a 
single x-ray Him 

Kymoscope, a piece of x-ray apparatus used In viewing films taken with a kymograph 
Kyphosis, curvature of the spine with convexity backward producing a hump-backed 
deformity 


Lag, the period of time elapsing between the application of a stimulus and the 
resulting reaction 

Laminograph, a piece of x-ray apparatus which makes a radiograph of a layer of 
tissue at any depth 

Laminography (Tomography) (Body Section Radiography), a special technique to 
show in detail images of structures lying in a predetermined plane of tissue, 
while blurring or eliminating detail of images of structures in other planes 

Laminated, having many thin layers 

Laminated Core, a magnetic core made up of thin sheets of iron or special steel 

bound together into a solid piece, insulated from one another by insulating material 

Latent image, the invisible effect produced on a film by the action of light or x-rays 
before development 

Lateral, refers to that portion of a structure or part which is the greatest distance 
from the midline. 

Latitude, the range of exposure of an x-ray film permissible for a good diagnostic 
result 

Leak (Electrical), a loss of current through a short circuit or an accidental ground 

Line Drop, the drop of voltage in the conductors of a power or lighting circuit 

Line of Force, an imaginary line which indicates the direction in which magnetism 
flows between magnetic poles or around conductors carrying a current or an 
electric charge 

Load (Electrical), the power required to operate current consuming devices 

Loading Bench (Darkroom), a work bench situated in a film processing darkroom 
primarily for the purpose of loading and/or unloading film holding devices 

Lobe, a part of an organ or vlscus demarcated by fissures or divisions 
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Lodestone, a piece of natural magnetic iron ore 
Lordosis, curvature of the spine with convexity forward 
Lumen, the channel of a tubular structure 

Luxation, abnormal slipping of one structure on another at a Joint or place of 
natural division 

Lysholm Grid, a stationary grid of fine lead strips which is used like a Potter- 
Bucky Diaphragm 


Magnet, a body which will attract magnetic material 

Magnetic Contactor, a device operated by an electromagnet to close and open 
contacts in a circuit 

Magnetic Field, the field of magnetic force emanating from a magnet 
Magnetic Induction, magnetic flux density in any substance when immersed in a 
magnetic field 

Magnetism, the ability of an energized coil or a natural magnet to attract particles 
of magnetizable substances 

Malignant, tending to progress continually from bad to worse 
Mammography, roentgenography of the breasts 

Mass (Atomic), measure of the quantity of matter in an element. One atomic mass 
unit equals 1.657 x 10-24 gms., or 9.31 x 10® electron volts 
Meatus, opening at the end of a canal 

Mediastinum, the middle compartment of the chest containing all of the thoracic 
viscera except the lungs 

Megohm, the resistance equal to one million ohms 
Meninges, the lining of the spinal canal and the cranial cavity 
Mesentery, the fold by which the Intestines are attached to the posterior wall of the 
abdominal cavity 

Meter, an instrument used for measurement; or a measure of length equal to 
39.37 inches 

MHO, the practical unit of conductance, the reciprocal of ohm 
Mica, an insulating material 
Microfarad, one millionth of a farad 
Milliammeter, (see ammeter) 

Mi 11 ampere, one one-thousandth of an ampere 
Million Electron Volt (MEV), one million electron volts 
Millivolt, one one-thousandth of a volt 

Molecule, the smallest quantity of a material which can exist by itself and retain 
all of the chemical properties of the material 
Mobility, the moveability of a structure or organ 
Motility, the rate of motion 

Motor (Electric), a device for changing electrical energy into mechanical energy 
Motor-Generator, a tranforming device consisting of a motor mechanically con¬ 
nected to a generator 
Mucosa, the mucus membrane 
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Mucus, the mucilaginous secretion of the mucous membrane 
Myeloma, a tumor of the bone marrow 

Myelography, radiographic examination of the spinal cord and subarachnoid space 
Myocardium, the heart muscle 


Nasal, pertaining to the nose 

Natural Radioactivity, radioactivity by naturally occurring substances 
Necrosis, death of tissue 
Neoplasm, new growth or tumor 
Nephritis, inflammation of the kidney 

Nephroptosis, dropping or descent of a kidney from Its normal location 
Neuritis, inflammation of a nerve 

Neutron, an electrically neutral or uncharged particle of matter existing along with 
protons in the atoms of all elements except the mass-one Isotope of hydrogen 
Nuclear Radiation, radiation that is emitted when changes occur in the nucleus of 
an atom 

Nucleus, the heavy central part of an atom in which most of the mass and the total 
positive electric charge is concentrated 

Nucleus Pulposus, a semi-elastic body located between the vertebrae, acting as a 
shock absorber of the spine 


Oblique, semi-lateral 
Obliterate, to remove completely 

Obturator Foramen, the oval opening in the lower portion of the pelvis near the 
hip Joint 

Occlusion, the act of closure or the state of being closed 
Odontoid, tooth-like 

Ohm, a unit of measure of electrical resistance. One ohm of resistance will allow 
one ampere of current to flow when one volt is applied to the circuit 
Ohm's Law, the rule or law stating the relation of the pressure in volts, the current 
in amperes and the resistance in ohms in an electric circuit 
Ohm Meter, an instrument which measures and directly indicates resistance in ohms 
Oil Transformer, a transformer which is insulated by a bath of oil. The oil circu¬ 
lates, cooling the heated parts of the transformer while acting as an insulator 
Olecranon Fossa, the depression on the posterior surface, on the lower end of the 
humerus 

Olecranon Process, the heavy hook-like projection of bone forming the upper end 
of the ulna 

Opacity, an object impervious to radiation of some given type 
Opaque, impervious to light rays, or by extension, to roentgen rays 
Open Circuit, an incomplete circuit, one broken at any point, so that current does 
not flow through any part of it 
Optic, pertaining to the eye 
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Oral, pertaining to the mouth 

Orbit, the bony socket containing the eye; the path described by a body in its rota¬ 
tion about another due to its gravitational pull 
Orifice, opening 

Osseous System, the bony skeleton 
Ossicle, a tiny bone 
Ossification, changing into bone 
Osteoma, a benign bone tumor 

Overload, a load in amperes greater than an electric device or circuit is designed 
to carry or to operate 

Ovum, the female reproductive cell; an egg 


Palmar, referring to the palm of the hand 
Paper Capacitor, A capacitor using paper for its dielectric 
Parallax, an apparent displacement of an object due to a change in position of the 
observer 

Parallel Circuit, several circuits or electrical parts so connected that current 
from a source divides between them 
Paralysis, loss of nerve control of muscles 

Parenchyma, the outer functioning portion of the lungs containing the air sacs 
Parietal, the lateral or outer aspect 

Pass Box, a lead lined compartment, built between the darkroom and another room 
or passageway, which allows exposed and unexposed films in cassettes to be 
transferred from the darkroom to the radiographic rooms or visa-versa 
Pathology, the science which deals with diseased structures of the body 
Peak Voltage, the highest voltage attained in a circuit in a given period 
Pelvimetry, the measurement of the size and capacity of the bony pelvis 
Penetration, the ability of radiation to extend down into and go through substances 
Perforation, piercing through a part 

Pericardium, the membranous sac that contains the heart 
Periosteum, the fibrous covering of a bone 
Periphery, the outer portion of a part 

Peristalsis, the worm-like movement by which the alimentary canal propels its 
contents 

Peritoneum, the serous membrane lining the abdominal wall, and investing the 
viscera 

Permanent Magnet, a hard alloy which keeps its magnetic strength for long periods 
of time with little change 

Permeability, the ability of a certain magnetic material to carry magnetic flux of 
lines of force, a measure of the ease with which the flux is carried. Opposed 
to reluctivity. 

Phase, a point or position to which an alternating current wave has increased to¬ 
ward maximum from a position of zero potential. It is measured in degrees, 
one complete cycle being divided into 360 degrees 
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Phosphorescence, the emission of light by a crystal after the activating source 
has ceased 

Photo-Electric Effect, the excitation and ionization of atoms by the interaction of 
radiant energy 

Photo-Electron, an electron emitted in a photo-electric effect 
Photofluorography, the photographic recording of the fluoroscopic images on small 
films using a fast lens 

Photographic Effect (PE), the effect of light or x-rays on a photographic emulsion 
Photographic Emulsion, the emulsion of the halides of silver which forms the sen¬ 
sitive coating of a photographic or x-ray film 
Photon, the term applied to a single electron or gamma ray when it Is considered 
as a projectile rather than a wave or ray 

Photo-Timer, an Instrument usually consisting of a photomultiplier tube and asso¬ 
ciated electronic circuits designed to terminate radiographic exposures 
automatically 

Phrenic, pertaining to the diaphragm 
Plantar, pertaining to the sole of the foot 

Pleura, the membrane covering the lungs andlining the pleural cavity 
Pleurisy, a disease marked by Inflammation of the pleura 
Pneumothorax, air in the thoracic or chest cavity outside of the lungs 
Polarity, the negative or positive electric charge of a body or terminal 
Polarization, the formation of gases on the plate surfaces in electric batteries. 

The gases are formed by the electrolite by elecrolytic action and forms partial 
insulator on the plates 

Polaroid Processing Unit, a device designed for rapid processing of radiographs 
without the necessity of conventional darkroom processing equipment. The 
resultant radiograph is produced on sensitized photographic paper in positive 
rather than on photographic film in the negative 
Pole (Magnet), the magnetic pole; designated either North or South 
Pole (Electrical), the positive or negative terminal of a circuit 
Polyphase, an alternating current circuit having two or more voltages of the same 
number of cycles but not In phase with one another 
Positive Charge, a charge of electricity wherein a deficiency of electrons exists 
in a body 

Potential, electromotive force, pressure or voltage 

Potential Difference, the difference in electrical pressure or voltages between two 
points in a circuit 

Potentiometer, an instrument for making accurate comparisons between a known 
voltage or standard voltage and another voltage 
Potter-Bucky Diaphragm, a piece of radiographic apparatus consisting of a grid 
of parallel strips of lead arranged on the radius of curvature of a cylinder, the 
center of which is at the focal spot of the x-ray tube; the purpose of which is 
to reduce the effects of scattered radiation 
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Power (P), the rate at which work is done; measured in such units as horsepower, 
footpounds-second, watts, etc. 

Power Loss, the power, measured in watts, that disappears in transmitting current 
through a circuit 

Primary Circuit, a circuit connected directly to a source 

Primary Radiation, radiation arising directly from the target of an x-ray tube or 
radioactive source 

Pronation, rotating into a prone position or ventral side down 
Proton, a positively charged particle found in the nucleus of an atom 
Protraction (X-Ray Therapy), therapy at low intensity values over a long period of 
time 

Proximal, near to the central portion or trunk of the body 
Psoas Muscle, the heavy muscle of the spine 
Ptosis, sagging of an organ to abnormally low position 
Pulmonary, pertaining to the lungs 

Pulsating, recurring in beats, but not having a regular cycle 
Puncture (Electrical), breaking through an insulator by high voltage 
Pyelography, radiographic examination of the kidney and ureter after the structures 
hare been filled with a contrast media 


RAD, unit of absorbed dose equal to 100 ergs/gm 

Radiant Energy, that form of energy which is transmitted through space without the 
support of an apparent media 

Radiation, the projection through space of any form of electromagnetic waves 
Radiation Therapy, the use of radiation of any type in the treatment of disease 
Radioactive, the property of spontaneous emission of radiation 
Radiograph, a photographic film which has been exposed to x-rays after they have 
passed through the part to be examined 

Radiography, the science which deals with the taking and interpreting of x-ray films 
Radioisotope, an Isotope which is radioactive 

Radiologist, a physician who uses all forms of radiation in the diagnosis and treat¬ 
ment of disease 

Radiology, the science which deals with the use of all forms of radiant energy in 
the diagnosis and treatment of disease 
Radloluscent, partially penetrable by x-radiation 

Radiopaque, opaque to the roentgen ray; not permitting the passage of radiant energy 
Radium, a radioactive element used in the treatment of disease 
Ramus, a branch or process of a bone 

Ratio of Transformer, the ratio of the number of turns in the primary to the number 
of turns in the secondary of a transformer 
Recoil Electron, an electron ejected from the extra-nuclear portion of an atom in 
the process of the Compton Effect 

Reactance, the weakening of an alternating current caused by passage through a 
coil or wire 
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Reciprocal, the quotient of unity divided by any quantity 

Rectification (Electric), the process of changing alternating current into pulsating 
direct current 

Rectifier, a device which changes alternating current into unidirectional current 
by electronic, mechanical or chemical action 
Reid's Base Line, a line from the lower margin of the orbit to the external auditory 
meatus 

Relay (Electrical), a device for controlling an electric circuit by opening and/or 
closing contacts. The action of the contacts may be activated by a circuit 
separate from that being controlled 
Renal, pertaining to the kidney 

Reluctance, resistance to the flow of magnetism. (Measured in oersteds). 

Repulsion, the act of repelling, or the force with which bodies, particles, or like 
forces repel one another 

Residual Magnetism, the magnetism that remains in a piece of soft iron when a 
magnetizing force is removed 

Resistance (Electrical), the opposition offered by a substance or body to the passage 
through it of an electric current. (Measured in ohms) 

Resistor (Electrical), a device having resistance 

Retrograde Urography, examination of the urinary tract after injection of a contrast 
media from below through catheters into the ureters 
Rheostat,. a device for regulating a current by means of variable resistance 
Roentgen (r), a unit of radiologic dose. The quantity of x or gamma radiation such 
that the associated corpuscular emission per 0.001293 gm. of air produces in 
air ions carrying one electrostatic unit of electric charge of either sign 
Roentgen-Equivalent-Man, a unit of dose useful in protection equal to relative bio¬ 
logic effectiveness times absorbed dose in rads. Symbol - rem. 
Roentgen-Equivalent-Physical, a unit of absorbed dose equal to 93 ergs/gm. This 
unit is now superceded by rad. Symbol - rep. 

Roentgenography, use of x-rays in taking x-ray films of a part 

Roentgenologist, a physician who limits his work to the use of x-rays in the diagnosis 
and treatment of a disease 
Roentgen Rays, x-rays 
Roentgen Therapy, x-ray therapy 

Rotary Converter, a motor-generator set which, when operated by one type of cur¬ 
rent, produces another 

Rotating Anode Tube, an x-ray tube so constructed that the target rotates or revolves 
about an axis. The rotating portion of the tube is the rotor of a repulsion- 
induction motor 


Safe Light, a light used in a darkroom to which films may be exposed without fog 
Sagittal Plane, a plane dividing the body into right and left sides 
Salpingography, x-ray examination of the oviducts after the Injection of an opaque 
media 
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Saturation (Magnetic), the greatest number of lines of force or flux that a certain 
magnet or magnetic material will carry 

Scattered Radiation, radiation whose direction has been altered by an interaction 
with an atom 

Screen Lag, residual illumination remaining on the screen after the exposure has 
terminated 

Scoliosis, lateral curvature of the spine 

Secondary Electron, an electron ejected from an atom as a result of a collision with 
a charged particle or photon 

Secondary Radiation, particles or photons produced in matter by the interaction of 
a radiation regarded as primary 

Secondary Winding, That portion of a transformer in which current is induced 
Sectional Radiography, radiographic examination of a thin, isolated, section of 
tissue at any depth without the confusing shadows of the structures above and 
below this level 

Sella Turcica, a saddle-like bone structure at the base of the skull which shelters 
the pituitary gland 
Septum, a partition 

Sesamoid Bone, bone formed in a tendon 

Separator, a sheet of wood, rubber or other insulatin g material placed between the 
plates of storage battery cells to prevent electrical contact between the plates 
Series Circuit, a circuit in which all the parts are connected end-to-end so all the 
current passing through any one part must pass through every other part in the 
circuit 

Service Wires, wires connecting interior circuits of a house or building with the 
outside supply circuit 

Sheathing of a Cable, the outside covering which protects a cable from mechanical 
injury or from the effects of water, oils, acids, etc. 

Shell transformer, a transformer in which the iron core is built around the outside 
of the windings 

Short Circuit, an accidental connection of low resistance between the two sides of a 
circuit so that little or no current flows through the current consuming device 
in the circuit 

Short Stop, an acid solution into which the films may be immersed before fixing in 
order to terminate development 
Shunt, one of the current paths in a parallel circuit 
Sldn Dose (Therapy), that amount of r delivered at the level of the skin 
Silicon Steel, steel alloys with silicon; it has a low hysteresis and eddy current loss 
Silver, a metal having a lower electrical resistance than copper 
Simple Circuit, a circuit connecting one source with a current consuming device 
Sine Wave, an alternating current wave formed following the curve of sines. The 
ideal form of an alternating wave. 

Single Phase, an alternating current, having but one phase; but one wave 
Single Pole Switch, a switching device having but one contact 
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Sinus, a natural cavity In a bone containing air. A tract In soft tissues for the ~ 

escape of deep-seated infectious material n 

Soft Tissue Radiography, radiographic examination of the soft tissues of the body r> 
Solenoid, a coil or winding of several layers of conductors which are Insulated from 
each other ;V - 

Space Charge, in a hot cathode tube it Is the current limiting effect of the electron 
cloud In the region of the cathode : 

Spasm, continuous contraction of a muscle; involuntaiy *• 

Specific, being measured with reference to certain exact conditions 
Specific Gravity, the ratio of the weight of a given volume of any liquid or solid sub- 3 
stance to the weight of an equal volume of water, or of any gas to an equal volume-’ 
of air x 

Spectrum, the result of dispersion of waves of radiation of different wave length; i 
for both light and x-ray 

Speed (X-Ray Film), the degree of sensitiveness to x-rays of x-ray film 
Spermatozoa, male reproductive cells 

Sphere Gap, a variable gap between spheres connected across a high tension circuit, 3 
the purpose of which is to measure the voltage ^ 

Sphincter, a circular muscle which, by its contraction, produces closure of a canal - 
or pouch 

Spicule, a small fragment 

Spina Bifida Occulta, a defect of the neural arch without protrusion of the cord and 
its membranes ^ 

Spinous Process, that part of the vertebra which projects backward from the arch, - 
giving attachment to muscles 

Split Phase, currents of different phases obtained from a phase circuit by the use •; 
of reactances 

Spondylitis, inflammation of the spine 

Spondylolisthesis, luxation of the vertebra usually of the fifth lumbar forward on 
the sacrum 

Sponge Lead, pure metallic lead in a porous form. R forms the active material of 
the negative plate in a lead-acid storage battery . 

Stabilizer, an instrument used in an x-ray unit, to render the milliamperage output - 
of the x-ray tube constant 

Standard OHM, a wire having the resistance of exactly one ohm and used for com¬ 
parison and calibration , 

Static Charge, a quantity of electricity existing as a charge on conductors or on 
the plates of a condensor 

Static Electricity, electricity at rest, such as in the charge of a condensor as dis¬ 
tinguished from the electric current which is electricity in motion 
Stenosis, a constriction of the lumen or opening of a canal 
Step-Down (Transformer), a transformer for reducing voltage 
Step-Up (Transformer), a transformer for increasing voltage 
Stereoscopic Examination, an x-ray examination which produces an impression of 
the third dimension 
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Storage Battery, a number of storage cells in a single case ai. ’ connected with each 
other to give a desired voltage and current capacity 
Stress, any force or action that tends to make a change of size, of shape, or of 
condition in a substance 

Sulphate (Sulfate), Sulphate of lead. This compound is formed from both the positive 
and negative plate material in lead-acid storage batteries on discharge 
Sulphuric (Sulfuric Acid), the acid used, when diluted with water, as the electrolyte 
in the lead-acid storage battery and in other types of electric cells. (H 2 SO 4 ) 
Superior, above; higher, or having a higher situation 

Supination, turning upward; the turning of the hand with the palm uppermost 
Suppression, elimination of, as for an example "The suppression of a phase of 
current by a rectifier" 

Surface Dose, the dose of radiation measured in roentgens at the surface of a struc¬ 
ture 

Surface Leakage, leakage of current across the surface of an Insulator 
Surge, a rapid Increase in voltage 

Surge Impedance, the impedance due to Inductance and capacitance in an alternating 
current circuit 

Suture, line of union between bones of the skull 

Switch, a device for opening, closing or changing the connection in an electric circuit 
Symbol, a letter or other sign that has been adopted and is understood to stand for 
some certain value of measure 
Symphysis, the union of two paired bones 

Synchronizer, a device for indicating when alternating currents are in phase or 
synchronous 

Synchronous Motor, an alternating current motor whose speed is in proportion to the 
frequency of the current supply 
Syndrome, a complex of symptoms 
Systole, a stage of contraction of the cardiac cycle 


Tachometer, an instrument which indicates the speed of rotating parts 
Tangential, touching at a single point 

Target, the positive terminal of an x-ray tube which receives the electrons and 
emits x-rays 

Teleroentgenogram, a radiograph taken at a six-foot distance 
Therapy, used in radiology to indicate treatment with radium and x-rays 
Thermo-Electron, an electron emitted by a heated body, as, the filament of an 
x-.ray tube 
Thorax, the chest 


Three Wire Circuit, an electric circuit in which a neutral conductor is used 
Thrombus, the clotting of blood within a vessel 

Tiae-Congtant, the length of time it takes the current in a circuit to reach a certain 
value with a given voltage applied to the circuit 
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Time-Temperature-Developing Chart, a chart utilized in a darkroom to compen¬ 
sate by increasing developing time for deterioration of developing solution 
Timer, an instrument used on an x-ray unit to complete the electrical circuit so 
that x-rays will be produced for a limited period of time 
Tolerance Dose of X-Rays, a dose of x-rays which will be tolerated by the skin 
without injury 

Tomograph, see sectional radiography 
Torsion, twisting 

Transformer, a device used to change alternating current from one voltage value 
to another 

Transformer Efficiency, the ratio of the electric power going into a transformer 
to the power output of the secondaiy circuit from the transformer 
Transformer Loss, the difference between the power input to a transformer and 
the power output of a transformer 

Transformer Oil, the insulating oil used to fill the space around the transtormer 
windings and core 

Transmission Line, the conductors through which high voltage is carried for long 
distances between the power station and sub-station 
Transverse Process, a process on either side of a vertebra 
Trauma, injury 

Trochanter, a very large process on a bone 
Tubercle, a small rounded projection on a bone 
Tuberosity, a large rounded projection on a bone 

Tumor, a mass of new tissue which persists and grows independently of its sur¬ 
rounding structures and which has no physiological use 
Tungar Rectifier, a bulb rectifier using a tungar bulb, manufactured or licensed 
by the General Electric Company 

Tungsten, a very hard metal which resists the effects of arcing and which has a 
very high melting point 


Umbilicus, the navel 


Vacuum, devoid of gas 

Vacuum Tube, a sealed tube with the contained gas exhausted to a pressure low 
enough to permit the passage of an electric discharge between metallic elec¬ 
trodes projecting into the tube from the outside. Sometimes called a valve or 
electron tube 

Variable Capacitor, a capacitor whose capacitance may be varied 
Variable Inductor, the inductance in circuits or coils having an iron core whose 
permeability changes with the change in magneto-motive force 
Variable Resistor, a resistor whose resistance may be varied 
Ventriculography, a radiographic examination of the ventricular system 
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Vesicle, a small sac 

Viscus (pi: viscera), a body organ 

Volar, pertaining to the palm or sole 

VQlt (E), the fundamental unit of measure of electrical pressure or electromotive 
force. It is defined as the electrical pressure necessary to force one ampere 
of current through one ohm of resistance 
Volt Meter, an instrument for measuring electrical pressure 


Watt, the practical unit of electrical power. One watt is the power produced by 
current of one ampere at a pressure of one volt 
Watt-Hour, a measure of electrical power; one watt for one hour 
Watt-Hour Meter, an Instrument for measuring power consumed in watt-hours 
Wheatstone Bridge, a device for measuring a resistance by comparing it with 
known resistance in the bridge 
Wire, a piece of drawn metal usually used as a conductor 

X-Ray, electromagnetic radiations or vibrations (photons) emitted when high speed 
electrons strike orbital electrons 
X-Ray Tube, a vacuum tube used for the production of x-rays 


Zero Potential, having neither positive or negative electrical potential 
Zygomatic Arch, the bony arch which provides the prominence of the cheek 


547 


Digitized by Google 


Original from 

UNIVERSITY OF MICHIGAN 


INDEX 


Absorption 

of x-rays, 218,469,472 
tissue, 469 

tissue and depth dose, 472 
Acetabulum, 175,176 
Anatomy of, 175,176 
Acetic acid, 371 
Acidifier, 371,372,373,414 
fixer, 371,372,373,414 
Acromion process, 173 
Addition, 1 
decimals, 15 
definition, 1 
fractions, 10 
sum, 1 

whole numbers, 1 
Air dose, 464,470 
distance affects, 470 
rate, 464 
skin dose vs:, 464 
Alignment 

dental radiography, 329 
dental technic, 329 
photofluorography, 393 
Alternating current, 46 
definition, 46 
frequency, 46,417 
graph of, 46 
meter, 69 
milliammeter, 110 
Alum (Potassium), 371 
Aluminum ladder, 236 
Alveolar process, 187 
Alveoli, 202 
Ammeter, 67 
Ampere, 28 

Anatomical neck (humerus), 166 
Anatomy, 157 thru 204 
bones, 157 thru 188 

extremities, 162 thru 172 
lower, 168 thru 172 
upper, 162 thru 168 


Anatomy (cont.) 

pelvis, 175,176 
ribs, 174 

shoulder girdle, 172,173 
skull, 181 thru 187 
spinal column, 176 thru 181 
organs, 189 thru 204 
brain, 189,190 
circulatory system, 203,204 
gastro-intestinal tract, 192 thru 
198 

reproductive system, 200 thru 
202 

respiratory system, 202 thru 203 
spinal cord, 190 
urinary system, 198,199 
Angstrom unit, 206 
Ankle 

anatomy, 168,169 
position, 276 

antero-posterior, 276 
lateral, 276 
oblique, 276 
technic, 

ante ro -poste rior, 244,245 
lateral, 244,245 
oblique, 244,245 
Anode, 207,214 
angle, 214 
attractive force, 213 
generation of x-ray, 212 
heat storage, 228 
heel effect, 258,259 
materials, 213,214 
rotating, 214,392 
shape, 213 
size, 214 
Antrum, 186,193 
anatomy, 186,193 
Anus, 195 
Aorta, 204 
Arm, 166 thru 168 
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Arm (cont.) 

anatomical neck, 166 
capitellum, 167,168 
coronoid fossa, 167 
epicontyles, 167,168 
humerus, 166 thru 168 
olecranon fossa, 167 
surgical neck, 166 
trochlea, 166,168 
tuberosities, 166,167 
Arteriography, 355,356 

contrast media, 330,331,356 
equipment, 355,356 
procedure, 355,356 
purpose, 355 

Atlas and Axis, 177 thru 178 
anatomy, 177,178 
position 

antero-posterior, 284 
lateral, 284 
technic 

antero-posterior, 244,245 
lateral, 244,245 
Atom, 24 

Atomic structure and theory, 207,491,495 
Auricles, 204 

Automatic space charge compensation, 122 
Autotransformer, 59,233 
calibrated, 102 
diagram, 102 
load capacity, 417 
ratio, 58 

voltage compensation, 124 
Average milliamperage, 106,107 


Backscatter, 465,thru 467 
illustration, 465 
therapy, 465,466,467 
Back-up timer, 137 
Barium sulfate, 331 

esophageal studies, 347 
gastro-intestinal system, 348 


Basic equations, 37 
Battery, 30 
Beam quality, 466 
skin dose vs:, 466 
Beta, 502 

measurement of, 502 
Bias voltage, 76 
Bladder, urinary, 199 
anatomy, 199 

urinary cystography, 345,346 
Blood pressure, 203 
Body section radiography, 353,354 
control of thickness plane, 354 
positioning, 353,354 
technic factors, 354 
Bone, 157 thru 158 
anatomy, 157 
classification of, 157,158 
Brain, 189, 190, 337 
Bridge type full wave circuit, 84 
Bronchi, 203 
Bronchial tubes, 202 
Bronchography, 338 
contrast media, 338 
equipment, 338 
procedure, 338 
purpose, 338 
technic, 338 

Bucky (see Potter-Bucky diaphragm) 
ratio (see grid ratio) 
Bulbo-urethral gland, 200,201 


Cables 

high voltage test, 422 
shockproof, 215 
Calcium tungstate, 382 
intensifying screens, 382 
Calibration 

density, radiographic, 236 
equipment for, 236 
kilovoltage output, 238 
milliamperage output, 239 
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Calibration (cont.) 

photofluorographic (see Appendix "A") 
therapy machine, 460 
therapy units, 460,461 
equipment for, 460 

Victoreen "r" meter, 460 
Calibration curve, 503 
photodosimetry, 503 
Camera (photofluorography) 
advancing, 410 
loading, 409 
operation, 399,407 
partial roll handling, 411 
servicing, 411,412 
unloading, 410 
Cancellation, 12 
Capacitance, 51 
Capacitor (condensor), 51 
charging, 51 
charging current, 52 
diagram, 51,52 
discharge apparatus, 52 
discharging, 52 
micro-farads, 53 
Capitellum, 167,168 
Cardboard holder, 208,383,384 
construction, 384 
definition, 208 
diagram, 380 
loading of, 384 
Carpus, 162 
Cassette, 208,380,381 
construction, 381 
definition, 208 
diagram, 380 
general precautions, 384 
troubles of, 381,382 
Cathode, 207,393 
Cell, 30 
dry, 30 
primary, 28 
voltaic, 28 
voltage, 30 

Centimeter thickness, 244,245,246 


Centimeter thickness (cont.) 

KvP variation, 244 
technic, 244,245,246 
Central ray, 208 
definition, 208 
Cerebellum, 189,190 
Cerebrospinal fluid, 190 
Cerebrum, 189 thru 191 
Cervical spine, 176 thru 178 
anatomy, 176 thru 178 
position 

antero-posterior, 285,327 
lateral, 285 
technic 

antero-posterior, 244,245 
lateral, 244,245 
Charged bodies, 26 
Chemicals, processing, 367 thru 388 
developer, 367 thru 371 
action, 367,368 
chemicals of developer, 368 
exhaustion, 385 
formula for, 369,370 
mixing of, 370 
time, 385,386 
use, 387 

fixer, 371 thru 373, 388 
action, 371 
chemicals of, 372 
exhaustion, 373 
formula for, 372, 373 
mixing of 372, 373 
time, 373 
use, 371, 388 
hot weather, 390 
developer, 390 
life, 373, 385 
developer, 385 
fixer, 373 

short stop, 371, 387 
action, 371 
chemical, 371 
use, 371, 387 

time, temperature developing 
chart, 385, 386 
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Chest, 174, 202, 203 
anatomy, 174, 202, 203 
I position 

apices, antero-posterior, 295 
apices, postero-anterior, 295 
lateral decubitus, 294 
lateral, upright, 293 
postero-anterior, upright, 292,392,406 
semi-lateral, 293 
ventral decubitus, 294 
Technic 

apices, 244, 245 
lateral, upright, 244 , 245 
lateral decubitus, 244, 245 
postero-anterior, 244 , 245 
semi-lateral, 244, 245 
ventral decubitus, 244, 245 
Children, radiography of, 247 
Cholangiography (see g. bladder visualization) 
Cholecystography (see g. bladder visualization) 
Circuits, 32 
compound, 34 
electric, 32 
exposure control, 112 
filament, 119 
filament control, 92 
magnetic, 40 
parallel, 33 
series, 32 
timer, 117 
x-ray, 78 

Circulatory system, 203, 204 
Clavicle 

anatomy, 172, 173 
Clearing of films, 373 
Clitoris, 202 

Coccygeal region, 180, 181 
Coccyx, 181 
anatomy, 181 
position 

antero-posterior, 291 
lateral, 291 
technic 

antero-posterior, 244, 245 
lateral, 244, 245 


Coil 

Solenoid, 45 
Colles* Fracture, 164 
Colon 

anatomy, 194, 195 
visualization of, 348 
Common bile duct, 196 
Common fraction, 9 
Compound circuit, 34 
Conductors, 26 
description, 26 
non-conductors, 26 
Condyloid process, 187 
Cones and diaphragms 
application of, 210 
description of, 210 
field limitations, 398 
therapy, 465, 475 
Contactor, magnetic, 113 
Contrast, 220, 232, 240, 368 
definition, 220, 232 
effect of kilovoltage, 233 
effect of processing solutions, 233, 
368 

intensifying screen, 233 
secondary radiation, 222 
x-ray tube voltage, 233 
Contrast mediae, 330 thru 332 
air, 331, 332 
liquids, 330,331,332 
oils, 330,331,332 
powders, 331, 332 
tablets, 331, 332 
Control stand 

filament temperature control, 92, 233 
Cooling curves, 229, 230 
Coracoid process, 173 
Comer cutter, 389 
Coronal suture, 181, 183, 184 
Coronary arteries, 204 
Coronoid process, 163 thru 165, 186, 

187 

mandible, 186, 187 
ulna, 163, through 165 
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Coulomb (see Glossary) 

Counter electromotive force, 48 
Cranium, 181 thru 184 
Crescent marks 
films, 391 
Crookes Tube, 205 
Cross-Fire technic (Therapy), 480 
effects of half value layer, 485 
hard to calculate, 488 
Current, 27 

alternating, 46 
capacitor charging, 51 
direct, 46, 47 
electric, 27 
limiting device, 94 
magnetic, 45 
micro-farads, 53 
Cuspid 

anatomy, 187 
Cycle, A.C., 46 
Cystography, 345 
technic, 346 


Density (cont.) 

phototimer, 395 . 

Potter-Bucky diaphragm, 209 
tube voltage, 232 
Dental radiography 

location of each tooth, 187 
technic, 329 
Dental technic 
angulation, 329 
cuspid region, 329 
incisor region, 329 
molar region, 329 
position, 329 
procedure, 329 
Depth dose 

field size vs. percentage, 474 
half value layer vs. percentage,476 
measurement of, 468 
percentage, 468 
tables, 478 

tissue absorption and, 472 
treatment distance vs., 471 
Detail, 321, 239, 382 
abberation, 231 
definition, 231 
focal spot, 231 

intensifying screens, 231, 382 
Developer, 367 thru 370, 371, 385 
thru 387 

action of, 367, 368 
air bubbles, 387 
chart, 415 
elon, 368 

film emulsion, 367, 368 
formulas, 369, 370 
hydroquinone, 368 
latent period, 367 
life. 385 
metol, 368 
oxidation, 368 
replenishment, 385 
rinse water, 371, 387, 415 
sodium carbonate, 368 
sodium sulphate, 370 


Darkroom, 367 thru 391a 
D'Arsonval galvanometer, 66 
Datum plane (see sectional radiography) 
Decimals, 13 
addition, 15 
division, 17 
multiplication, 16 
subtraction, 15 
table decimal equivalents, 14 
Denominator 

lowest common, 9 
Densitometer, «05 thru 508 
Density, 231, 24C, 368 
difference, 231 

effect of KvP in changing film density, 232 
effect of processing solutions, 232, 368 
effect of x-ray tube voltage, 232 
exposure time, 232 
focal film distance, 132 
milliamperage, effect of, 232 
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Developer (cont.) 
sodium sulphite, 368 
solution level, 39la 
temperature, 370 
time, 370, 385, 386, 414 
use of, 387 

Developing tank, 367, 371, 376 
automatic temperature blender, 376 
equipment (photofluorography), 413 
loading, 413, 414 
stop bath, 371, 414 
water temperature controls, 367 
Diagram of tube, 77 
Diaphragm (see Cones) 

Diaphragm 
anatomy, 175 
Dielectric, 26 
constant, 26 
insulator, 26 
Difference of potential, 27 
Diode, 73 
Diodrast, 330 
Direct current, 31, 47 
ammeter, 67 
meter, 66 
milliammeter, 110 
volt meter, 68 

Direct reading kilovolt selectors, 103 
Distance, 2D8 

affects air dose therapy), 470 
effect of, 220 

foreign body localization, 356,362,366 
Distortion, 231, 233', 239 
Divisibility 
test of, 7 
Division, 5 
decimal, 17 
definition, 5 
dividend, 5 
divisor, 5 
fractions, 11 
quotient, 5 
whole numbers, 5 
Dorsal spine 

anatomy (see thoracic) 
position (see thoracic spine) 

I 
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Dose (see Air, Depth, Exit, and Skin) 
Dosimetry 

fundamentals of, 464 
practical use, 486, 489 
Drying equipment, 378, 389 
Dual kilovoltage selectors, 88 
Ductless glands, 197, 198 
Ductus deferens, 200, 201 
Duodenum, 192, 193, 200, 201 
Dupont Type 552 Film, 502, 503 


Ear lobe (therapy), 463 
Ejaculatory duct, 200, 201 
Elbow, 163 thru 165, 
anatomy, 163, thru 165 
position 

antero-posterior, 265 
lateral, 265 
technic 

antero-posterior, 244, 245 
lateral, 244, 245 
Electric 
circuit, 32 
current, 27 
field, 26 

Electric current, 27 
alternating, 46 
definition, 27 
direct, 46, 47 
direction, 27 
filament, 119 
magnetic field, 44 
Ohms Law, 32 
Electric potential 
difference, 28 
electromotive force, 48 
Electrical 

symbols, 38, 39 
terms, 32 
Electrode, 28 
Electrolyte, 28 
compositions, 30 
Electromagnet, 45 
Electromagnetic spectrum, 211 
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Electromotive force, 28 
induced, 48 
induction, 48 
magnetic induction, 48 
self inductance, 48 
Electrons, 24, 207, 491, 494, 495 
charge, 25, 491 
definition, 25, 491 
mass, 491 

negative ions, 494, 495 
source, 491 
tube, 71 

Electron beam, 212 

Electronic exposure timer, 134 

Electro static forces of atoms, 492 

Elon, 368 

Emission, 71 

Emitters, 71 

Emulsion 

diagram, 381 
film, 367, 381 
Encephalogram, 337 

contrast media, 330, 337 
equipment, 337 
procedure, 337 
purpose, 337 
Endocardium, 204 
Endosteum, 157 
Energy and Power, 32 
Epicondyles, 165, 167, 168, 171 
Epididymis, 200, 201 
Equation, 37 
Esophageal studies, 347 
contrast media, 347 
procedure, 347 
technic, 348 
Esophagus 

anatomy, 192, 193 
Ethmoid bone, 184 

ethmoid sinuses, 182, 186 
Ethmoid sinuses 

anatomy, 182, 186 

examination (using contrast media), 331 
position, 305 

postero-anterior, 305 


Exit dose, 485 

Exposure control circuit, 112 
Exposure technic, 240 , 241, 244 , 245 
External auditory meatus, 183 
External malleolus, 168, 169 
Extremities, 162 thru 172 
lower, 168 thru 172 
upper, 162 thru 168 
arm, 166 thru 168 
forearm, 163 thru 165 
hand, 162 

shoulder girdle, 172 thru 174 
wrist, 162 
Eyes (therapy), 463 


Facial bones, 183 thru 187 
Factoring, 6 

common factor, 6 
common multiple, 7 
factor, 6 

greatest common divisor, 8 
greatest common factor, 7 
integer, 6 

least common denominator, 7 
least common multiple, 7 
multiple, 7 
prime factor, 7 
prime number, 7 
Factors affecting kilovoltage, 98 
Fallopian tubes, 201 
Farad, 52 
Femur (thigh) 

anatomy, 171 thru 173 
condyles, 171 
epicondyles, 171 
femur head, 171, 172 
femur neck, 171 
position 

antero-posterior, 280 
lateral, 280, 281 
shaft, 171, 172 
technic 

antero-posterior, 244 , 245 
lateral, 244, 245 
trochanters, 171 
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Fetus 

pelvimetry, 349 thru 353 

Fibula 

anatomy, 170 
Field size (therapy), 475 
vs. percentage depth dose, 474 
skin dose vs., 466 

Filament 

calibrators, 94 
circuit, 92 
current, 119 
limiters, 94 

rate of evaporation, 126 
stabilizers, 127 
transformer, 127 
Filament circuit, 92 
control, 92 
Filament current, 119 
filament increment curves, 120 
Filament regulator, 92 
Filament stabilizer, 127 
Filament temperature, 119 
control. 92 

kenotron (valve tube), 96, 97, 130 
Filament transformer, 96, 97, 130 

Film 

badge, 497 thru 503 
base, 367 thru 381 
bin, 379 

developing, 367, 368, 370, 412 thru 414 
diagram, 379 

drying equipment, 378 and 389 

emulsion, 367, 381 

film badge holder, 501, 502 

fixing, 388, 414 

fogging, 389, 415 

handling, 408 

loading facilities, 379 

measuring density of, 505 thru 508 

non screen, 381 

regular, 381 

removing from box (diagram) 382 
storage facilities, 379, 381, 403 
system for processing, 380, 387 thru 
389 


Film (cont.) 

trouble chart, 390 thru 391a 
types, 399 
washing, 388 

Film density, 502, 503, 505 thru 508 
method of measuring, 505 thru 508 
Film markers, 403 
Film processing chemicals 
(see chemicals, processing) 

Filter, 210 

therapy, 457, 458, 461 
Thoraeus, 457 
Filtration 
effect, 210 

therapy (see half-value layer) 
shock proof tubes, 210 
Fixed coil, 65 

Fixing solution, 371 thru 373, 388 
chemicals of, 372 
life, 373 
rinse water, 373 
temperature, 372, 373 
time, 373 
Fluorescence 

intensifying screens, 382, 383, 399 
par speed screens, 383 
Fluorescent screen image 
photograph of, 392 
Fluoroscope, 333 

exposure factors, 333 
eye accomodation, 333 
filter, 333 

focal skin distance, 333 
kilovoltage, 333 
palpation, 334 
precaution, 333, 334 
procedures, 333, 334 
protecting devices, 333, 334 
rating of tube, 335 
shutter, 334 
spot film technic, 335 
grid, 333 

Fluoroscopy (see fluoroscope) 

Flux 

collapsing, 49 
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Flux (cont.) 
expanding, 49 
magnetic, 43 
Focal film distance 

appendix A, 427,432,435,439,443,447 
change of technic table, 247 
effect, 220, 231 
Focal spot 

configuration, 214 
effect of size, 214 
effect of size on detail, 214 
position in tube, 214 
projection, 214 
rotating anode, 395 
Focus 

grid, 224, 225 
Fogging film, 389, 391, 415 
Foot, 168, 169 

anatomy, 168, 169 
metatarsus, 168, 169 
phalanges, 168, 169 
position 

antero-posterior, 272 
lateral, 273 
longitudinal arch, 274 
oblique, 272 
tarsus, 169 
technic 

antero-posterior, 244 
lateral, 244 
longitudinal arch, 244 
oblique, 244 

Foramen magnum, 181, 189 
Foramina, 157, 176, 178 
Forearm, 163 thru 166 
anatomy, 163 thru 166 
olecranon process, 163 thru 165 
radius, 163 thru 165 
ulna, 163 thru 165 
position 

antero-posterior, 265 
lateral, 265 
technic 

antero-posterior, 244, 245 
lateral, 244, 245 


Foreign body localization, 356 thru 
366 

eye, 356 thru 364 

Pfeiffer's method, 356 thru 359 
charting, 357, 358 
Sweet's method, 359 thru 364 
charting, 363, 364 
other, 365 thru 366 

right angle method, 365 
stereoscopic method, 365 
triangulation method, 365, 366 
Formulas 

capacity of processing tank, 378 
resistance, 32, 33 
temperature conversion, 377 
Four valve rectification, 83 
Fractions 
addition, 10 
division, 11 
multiplication, 10 
relation, 12 
square root, 23 
subtraction, 10 
Fractures, 187, 188 
Frequency 

alternating current, 46, 417 
Frontal bone, 181, 183, 184 
anatomy, 184 
glabella, 181, 183, 184 
orbital portion, 184 
superciliary ridge, 184 
Frontal sinus, 182, 184 
anatomy, 184 
position 

postero-anterior, 301 
technic 

postero-anterior, 244, 245 
Full wave 
circuit, 84 
rectifier, 63, 64 

Fundamentals of therapy, unit, 464 
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Gallbladder 
I anatomy, 197 
I visualization, 342 thru 344 

cholangiography, 343 thru 344 
cholecystography, 342 thru 343 
equipment, 343, 344 
position, 342 tnru 344 
preparations, 342 
technic, 344 
telapaque, 342 
Galvanometer, 65 
Gamma rays, 502 

Gastro-intestinal tract, 192 thru 198, 346, 
348, 349 

anatomy, 192 thru 198 
lower, 348 

contrast media, 348 
equipment, 348 
procedure, 348 
technic, 349 
upper, 346 

contrast media, 346 
examination, 346 
technic, 347 

Genito-urinary system, 198, 199 
pyelograms, 344, 345 
Glabella, 181, 183, 184 
Glacial acetic acid, 371 
Glands, ductless, 197, 198 
Glenoid cavity, 173 
Greatest common divisor, 8 
Greatest common factor, 7 
Grid, 223 

absorption, 223 

Bucky (see Potter Bucky Diaphragm) 

construction, 223 

design, 224 

efficiency, 224, 398 

focus, 223 

high ratio, 224 

lines, 224, appendix A 

radius, (see focus) 

ratio, 210 

stationary, 223, 398 
Groin (therapy), 463 


Hair (therapy), 463 
Half-value layer, 457, 477, 479, 480 
effect of, 483 
filters, 457 
tables, 478 

vs. percentage depth dose, 476 
Half-wave, 61 
circuit, 84 

kenotron rectified, 84 
Hand, 162 

anatomy, 162 
carpus, 162 
metacarpus, 162 
phalanges, 162 
position 

postero-anterior, 263 
technic 

postero-anterior, 244 , 245 
Hand timer, 115 
Hangers and racks, 377 
Hanging film, 388 (diagram) 

Head (see skull) 

Heart, 203, 204 
anatomy, 203, 204 
position (see chest) 
technic 

kymogram, 338, 339 

Heat 

tube storage capacity, 394 
Heel effect (of anode), 258 
Henries, 48 

High speed screens, 382 
intensifying screens, 382 
Hip 

position 

antero-posterior, 281 
lateral, 281 

lateral (frog position), 282 
technic, 244, 245 
History of X-ray therapy, 455 
Humerus, 166 thru 168 
anatomy, 166 thru 168 
anatomical neck, 166 
capitellum, 167, 168 
coronoid fossa, 167 
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Humerus (cont.) 

epicondyle, 167, 168 
olecranon fossa, 167 
position 

antero-posterior, 266 
lateral, 266, 267 
surgical neck, 166 
technic 

antero-posterior, 244, 245 
lateral, 244, 245 
trochlea, 167, 168 
tuberosities, 166 
Hydroquinone, 368 
contrast, 368 
developer, 368 
temperature, 368 
Hyoid bone, 187 
Hypo solution, 371 thru 373 
acetic acid, 371, 373 
acidifier, 371 thru 373 
alum, 371, 372 
sodium thiosulphate, 371, 372 


Iliac crest, 176 
anatomy, 176 
Ileum (see small intestine) 

THnm 

ala, 175 

anatomy, 175, 176 
bociy, 175 
crest, 176 
position 

antero-oblique, 283 
postero-oblique, 284 
technic 

antero-oblique, 244, 245 
postero-oblique, 244, 245 
Image shift, 359, 365, 366 
Impulse timer, 234 
Incisor, 187 
Increment curve, 120 
space charge, 120 
Induced electromotive force, 48 


Induced current, 48 
Induced voltage, 48 
Inductance, 47 

measurement of, 48 
parallel, 50 
self, 48 
series, 50 
variable, 92 
Induction 
coil, 49 

electromagnetic, 48 
electromotive force, 48 
magnetic, 48 
mutual, 49 
Infants and children 
radiography of, 247 
Inferior turbinates, 184, 185 
Inferior vena cava, 204 
Innominate bone 
ilium, 175, 176 
ischium, 175, 176 
pubis, 175, 176 
Insulator, 26 
description, 26 
dielectric, 26 
non-conductor, 26 
Integer, 6 

Intensifying screen, 382, 384 
action, 382 

calcium tungstate, 382 
cleaning, 382 
detail, 382 
fluorescence, 382 
general precautions, 384 
hi-speed, 382 
par-speed, 382 
speed, 382 

test for good screen film contact, 
382 

Intermediate therapy, 457 
Intestine, 192 thru 195 , 347 thru 349 
anatomy, 192 thru 195 
large, 194, 195 
small, 192 thru 194 
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Inverse current, 79 
Inverse reducer, 60 
Inverse square law (therapy), 470 
Inverse voltage, 79 
Ionization, 491, 494, 495 
therapy, 456 
Ions, 25, 494, 495 
negative, 494 , 495 
pairs, 494, 495 
positive, 494, 495 
Ischium 

anatomy, 175, 176 
spine of, 176 
Isodose curve, 488 


Jaw 

anatomy, 186, 187 
position 

mandible, body, 310 
postero-anterior, 312 
ramus, 311 
technic 

mandible, body, 244, 245 
postero-anterior, 244, 245 
ramus, 244, 245 
Jejunum, 193 
Joints, movement of, 158 


Kenotron (valve tube) 
connections, 81 
construction, 81 
description, 81 
filament temperature, 130 
filament voltage, 130 
operation, 130 
voltage, 130 
voltage drop, 130 
Kenotron rectifier (valve tube), 83 
full wave rectifier, 84 
half wave rectifier, 83 
Kidneys 

anatomy, 198 thru 200 
examination of (pyelogram), 344, 345 


Kilovolt 

definition, 207 
dual selectors, 88 
effect on radiation, 220 
influence on milliamperage, 217,218 
measurement, 98 
meter compensation, 100 
radiographic technic, 220 
ranges of (see appendix "A" photo- 
fluorography) 

relation between exposure time 
(table), 248 
selection, 85 

technic for infants and children,247 
therapy treatment chart, 461 
variations par-speed screens, 248 
Kirchoff's Law 
current, 35 
voltage, 35 
Knee 

anatomy, 172 
position 

antero-posterior, 277 
intercondyloid space, 278,27 9 
lateral, 278 
postero-anterior, 278 
technic 

antero-posterior, 244 , 245 
intercondyloid space, 244 , 245 
lateral, 244, 245 
postero-anterior, 244 , 245 
Kymograph, 338 
equipment, 338 
procedure, 338 
purpose, 338 
technic, 338 


Lacrimal bones, 184 
Lambdoid suture, 181, 184 
Lamina, 176 

Laminograph (see sectional radiography) 
Large intestine 
anus, 195 

ascending colon, 194 thru 195 
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Large intestine (cont.) 
cecum, 194 
descending colon, 195 
hepatic flexure, 195 
rectum, 195 
sigmoid colon, 195 
transverse colon, 195 
Larynx 

anatomy, 203 
therapy, 463 
Law 

Kirchoff's, 35 
Lenz's, 49 
Magnetic, 42 
Ohm's, 32 

Least common denominator, 7 
Least common multiple, 7 
Left hand rule 
coil, 43 
Leg 

anatomy, 170 thru 173 
femur, 171 thru 173 
fibula, 170 
foot, 168 
patella, 172 
position 

antero-posterior, 277 
lateral, 277 
technic 

antero-posterior, 244, 245 
lateral, 244, 245 
tibia, 170 
Lenz's Law, 49 
Limitations 
cones, 398 
Liver 

anatomy, 196, 197 
Lower jaw (see mandible) 
Lumbar spine 

anatomy, 179, 180 
position 

antero-posterior, 287 
lateral, 287 
forward bending, 288 
lateral bending, 288 
postero-oblique, 287 


Lumbar spine (cont.) 
technic 

antero-posterior, 244, 245 
forward bending, 244, 245 
lateral, 244, 245 
lateral bending position, 244,245 
postero-oblique, 244,245 
Lumbo-sacral articulation 
anatomy, 179, 180 
position 

antero-posterior, 289 
lateral, 290 

' postero-anterior, 289 
technic 

antero-posterior, 244, 245 
lateral, 244, 245 
postero-anterior, 244, 245 
Lungs, 338 
anatomy, 202 
position (see chest) 
technic (see chest) 


Magnetic 
circuit, 40 
contactor, 113 
electro, 45 
field, 43 
flux, 43 
laws, 42, 43 
Magnetic effect 
field, 42 
Magnetism, 40 
Malar bone, 184 
Mandible 

anatomy, 186, 187 
condyloid process, 186, 187 
coronoid process, 186, 187 
ramus, 186, 187 
symptysis, 186, 187 
Manubrium 
anatomy, 175 
Marrow, 157 
Mastoid 

anatomy, 181, 182 
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Mastoid (cont.) 
position 

antero-posterior, 319 
lateral (Law), 317 
lateral (Schuller), 318 
Potter-Bucky diaphragm 
technic 

antero-posterior, 244 , 245 
lateral (Law), 244, 245 
lateral (Schuller), 244 , 245 

Maxilla 

anatomy 

alveolar process,'186, 187 

maxillary sinus, 186 
Maxillary bone 
anatomy, 185 
Maxillary sinus 
anatomy, 185 
position 

postero-anterior, 302, thru 304 
technic 

postero-anterior, 244 , 245 
Maximum permissible exposure, 496 
Maze 

construction, 380 
typical layout, 375 
Measurement 
depth dose, 468 
valve filament voltage, 97 
Mechanical clock timer, 234, 377 
Mediastinum, 202 
Medula oblongata, 189, 190 
Medulary canal, 157 
Mesentery, 193 
Metacarpus 
anatomy, 162 
position (see wrist) 
technic (see wrist) 

Metalic silver, 367, 368 
Metatarsus 

anatomy, 168, 169 
position (see foot) 
technic (see foot) 

Meters 

alternating current, 69 


Meters (cont.) 

direct current ammeter, 67 
direct current, 66 
direct current voltmeter, 68 
filament circuit, 119 
fixed coil, 65 

"load-on" kilovolt meter, 101 
moving coil, 66 
Ohmeter, 70 

"pre-read" kilovoltmeter, 101 
rectifier, 101 
Metol, 368 
Microfarad, 53 
Milliammeter, 110 

alternating current, 46 
direct current, 47 
Milliamperage 

average, 106, 107 
effect of, 219 
measurement, 106 
ranges of (see appendix "A" photo- 
fluorography) 

stabilizer, 127, 140, 142, 143, 144 
Milliampere, 207 
Milliampere second 
definition, 208 

Modified kilovolt indicators, 104 
Molars, 188 
Molecule, 24, 207 
Moving coil, 66 
Multiplication 
decimals, 16 
definition, 3 
fractions, 10 
multiplicand, 3 
multiplier, 3 
product, 3 
table, 3 

whole numbers, 4 
Mutual induction, 49 
Myelogram, 336 

contrast media, 336 
equipment, 336 
procedure, 336 
purpose, 336 
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Nasal bones 

anatomy, 184, 185 
position 

supero-anterior, 309 
technic 

supero-inferior, 244 , 245 
Nasal cavity, 184 
Nasal spine, 184 
Neck (therapy), 463 
Neural arch 

articular process, 178 
lamina, 178 
pedicles, 178 
spinous process, 178 
transverse process, 178 
Neutron, 25, 491 
Non-screen film, 381 
Nose 

anatomy, 184 thru 186 
position 

lateral, 309 
technic 

lateral, 244, 245 


Obturator foramen, 176 
Occipital bone 

anatomy, 181, 182 
Occipito-cervical articulation 
antero-posterior, 328 
technic, 244, 245 
Odontoid process, 177, 178 
Ohm, 28 
Ohm's Law, 32 
Ohmmeter, 70 

Olecranon process, 163 thru 165 
Opaque media, 330, 331 
Operation of therapy unit, 462 
Optic foramen 
anatomy, 183 
position 

postero-anterior oblique, 323 
technic 

postero-anterior oblique, 244, 245 


Orbit 

anatomy, 182 thru 186 
Os calcis 

anatomy, 168, 169 
position 

dorso-plantar, 275 
lateral, 275 
planto-dorsal, 275 
technic 

dorso-plantar, 244, 245 
lateral, 244, 245 
planto-dorsal, 244, 245 
Osteoblasts, 157 
Ovaries, 201 
Oxidation 

developer, 368 
fixer, 373 


Palate bones, 185 
Pancreas, 196 
Pancreatic duct, 196 
Parallel circuits, 33 
Parallel inductance, 50 
Paranasal sinus 

anatomy, 182, 183, 185, 186 
position (see sinuses) 
technic (see sinuses) 

Parathyroid glands, 198 
Parietal bones 

anatomy, 181, 183 
coronal suture, 181, 183 
lambdoid suture, 181 
sagittal suture, 183, 184 * 

squamous suture, 181, 183 ' 

Pass box 

diagram, 379 
Patella 

anatomy, 172 1 

position ’ 

infero-superior (axial), 279, 280' 
postero-anterior, 279 j 

technic 

infero-superior (axial), 244,245 
postero-anterior, 244 , 245 
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Pelvimetry, 349 thru 353 
methods, 349, 351, 353 
equipment, 349, 351, 353 
procedure, 349 
technic, 349 thru 353 
Pelvis 

anatomy, 175, 176 
innominate bone, 175, 176 
position 

antero-posterior, 282 
lateral, 282 
technic 

antero-posterior, 244, 245 
lateral, 244, 245 
Penetration (see depth dose) 
Penetrometer, 236 
Penis, 200, 201 
Percentage depth dose, 468 
Pericardium 203, 204 
Perichondrium, 157 
Periosteum, 157 
Peristalsis, 193 
Permeability, 46 

Petrous portion of the temporal bone 
anatomy, 182 

Pfeiffer's method, foreign body locali¬ 
zation, eye, 356-359 
Phalanges 

anatomy, 162, 168, 169 
Phantom, 468, 469, 489 
measurement chart, 487 
measurement Important, 487 
measurement, results charted, 490 
Pharynx, 192, 193, 203 
Photodosimetry 

atomic theory, 491 thru 495 
calibration curve, 503 
control film, 503 
definition, 496 
densitometer, 505 thru 508 
devices, 497 
film badge 

Du Pont type, 552, 501, 503 
issuing and handling of, 497 
processing of, 503 thru 505 


Photodosimetry (cont.) 
film badge (cont.) 

reading of, 502, 503, 505-508 
film badge holder, 501 
introduction, 491 
ionization, 491, 494, 495 
logs and files 
book log, 497 
file card, 498 
DD-1141, 498 
SF-600, 498 
exposed film, 498 
maximum permissible exposure, 
496 

measurement of radiation 
alpha, 503 

beta, 502, 505 thru 508 
gamma, 502, 505 thru 508 
x-ray, 502, 508 
program establishment, 496 
purpose, 496 
radiac instruments, 509 
radiation hazards, 500, 501 
reports 

annual, 499, 500 
special, 499, 500 
Photofluorography, 392 thru 454 
Photographic effect (P. E.), 248 
Photographic system, 393 thru 398 
Photoroentgenography, 392 
calibration (see appendix "A") 
principle components, 396 
Phototimer, 234 , 395 , 401, 416 , 450 
adjustments, 416, 450 
schematic, 394 
Phototiming, 150 
Pineal body, 198 
Pituitary gland, 198 
Planes of skull, 184 
Planning therapy treatment, 479 
Planography (see sectional radio 
graphy 
fulcrum, 355 
Pleura, 202 

Pointers and pitfalls, 254 thru 256 
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Polaroid process, 366 
Pons, 189, 190 
Positioning 

photofluorography, 406 , 407 
therapy, 463 
Positive ions, 494, 495 
Potassium alum, 371, 372 

formula for potassium alum fixer, 372 
Potassium bromide, 368 thru 370 
Potential 

difference, 27 
Potter-Bucky diaphragm 
application, 209 
Bucky grid, 209, 227 
components, 209 
function, 209 
grid lines, 209 
operation, 209, 225 
technic change for use of, 224 
timing, 225 
timing control, 226 
travel, 226 
types of, 225 
Power and energy, 32 
Power supply, 404, 417 
checking, 416 
Primary cell, 28 
Prime factors, 7 
Prime number, 7 
Processing room 

accessory equipment, 413 
cardboard holder, 380 
cassette, 380 
chemicals, 367 thru 373 
cleanliness, 376 
construction, 374 
developer, 367 thru 371 
action, 367, 368 
chemicals, 368 thru 371 
formula, 369, 370 
temperature, 369, 370 
time, 370 

drying equipment, 378, 389 
film bin, 379 
film storage, 379 


Processing room (cont.) 
fixer, 371 thru 373 
action, 371 

chemicals, 371 thru 373 
temperature, 372, 373 
time, 373 

hangers and racks, 377, 388 
loading bench, 379 
location, 374 
maze, 380 
pass box, 379 
plum Ding, 374 
safelight, 374, 376, 377 
short stop 
action, 371 
chemicals, 371 

solution temperature control, 376 
tanks 

capacity of, 378 
diagram of, 374 
time-temperature developing 
chart, 385-386 
timer, interval, 377 
typical layout, 374, 375 
ventilation, 374, 380 
Product, 3 

Prostate gland, 200, 201 
Protection 
film, 381 
x-ray 

operator, 395, 423 
therapy, 455 , 462 , 463 
Proton, 25 , 207 , 491 
Pubic symphysis 
anatomy, 175, 176 
Pubes 

anatomy, 199 
position 
axial, 283 

postero-anterlor, 283 
technic 

axial, 244 , 245 
postero-anterior, 244, 245 
Pulmonary arteries, 204 
Pulmonary veins, 204 
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I>yelography, 344, 345 
contrast media, 344 
procedure, 344 
Pylorus, 193 


Quotient, 5 


Radiation 

back scatter, 465 . 466 , 467 , 472 

characteristic, 458 

effects 

excessive, 424 
local, 424 
systemic, 424 
hazards, 423, 500, 501 
intensity, 395 
maximum to skin. #2, 479 
primary, 466, 467 , 474, 475 , 476 , 483 
quality (see half value layer) 
secondary 

effects of, 424 
therapy, 466, 467 , 474, 476 
Radioactivity, 493, 494 
Radioisotope, 494 
Radius 

anatomy, 163, 164 
Ramus, 186, 187 
Ratio 

grid, (see grid ratio) 

Rectification, 60 
four valve, 84 
single valve, 81 
two valve, 82 
Rectifier, 60 

basic circuit bridge type, 84 

copper oxide, 61 

full wave, 63, 64 

meter, 109 

self, 60 

tube, 63 

Rectifier tubes, 81 
Rectum, 195 

Reducing agent, 367 thru 371 


Reid's base line, 183 
Reproductive system, 200 thru 202 
Resistance, 28 
Ohm's Law, 32 
variable primary, 85 
Respiratory system, 202, 203 
Ribs 

anatomy, 174 
position 

above diaphragm 
antero-posterior, 292 
postero-anterior, 292 
below diaphragm 

antero-posterior, 292 
technic 

above diaphragm 

antero-posterior, 244 , 245 
postero-anterior, 244 , 245 
below diaphragm 

antero-posterior, 244 , 245 
Right angle method, foreign body 
localization, 365 
Roentgen (r), 495 

Roentgen equivalent man (REM), 496 
Roentgen equivalent physical (REP),496 
Root of numoers, 20 
Rotating anode tube 

comparison of focal areas, 214, 216 
comparison with stationary anode, 
214, 216 

current carrying capacity, 214 
diagram, 215 
focal area, 214 
focal spot, 214 
speed of rotation, 216, 394 
Rotating target tube (see rotating anode) 
Rule 

left hand, 43 


Sacro-iliac articulation 
anatomy, 176 
position 
axial, 290 

antero-posterior, 289 
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Sacro-iliac articulation (cont.) 
position (cont.) 
oblique, 290 

oblique, postero-anterior, 288 
technic 

antero-posterior, 244, 245 
axial, 244 , 245 
oblique, 244, 245 

oblique, postero-anterior, 244, 245 
Sacro-iliac joint (see sacro-iliac articu¬ 
lation) 

Sacrum 

anatomy, 179, 180 
position 

antero-posterior, 290 
lateral, 291 
technic 

antero-posterior, 244, 245 
lateral, 244, 245 
Safe exposure limits 

international recommendation, 496 
skin tolerance, therapy (see skin dose) 
Safe light 

construction, 376 
diagram, 377 
filter, 376 
test for fog, 377 
use, 376 

Sagittal suture, 184 
Salivary glands, 196 
Scapula 

anatomy, 172, 173 
position 

antero-oblique, 271 
lateral, 271 
technic 

antero-oblique, 244, 245 
lateral, 244 , 245 
Screens 

detail, 382 
hi-speed, 382 

intensifying screen, 208, 382 
par-speed, 382 
Scrotum, 200, 201 


Secondary radiation, 221 

characteristic radiation, 458 
contrast, 222 
effect of, 221, 424 
Potter Bucky diaphragm, 221, 222 
scattered radiation, 221 
stationary grid, 221, 222 
therapy, 466, 467, 474, 476 
Secondary winding, 58, 60 
Sectional radiography, 353 thru 355 
axis, 353 
datum plane, 354 
objection, 354 
purpose, 353 
technic, 354 
thickness of slice, 354 
Self induction, 48 
Self rectification, 61 
Sella Turcica, 182, 183 
Seminal vesicle, 200 , 201 
Series circuit, 32 
Series inductance, 50 
Short stop, 371, 387 
Shoulder, 

anatomy, 172, 173 
position 

acromio-clavicular articula¬ 
tion, 269 

antero-posterior, 267 
axial projection, 268 , 269 
technic 

ac romio-clavicular articula¬ 
tion, 244, 245 
antero-posterior, 244, 245 
axial projection, 244, 245 
Shoulder girdle 

anatomy, 172, 173 
position, (see shoulder) 

Silver halide crystals 

silver bromide, 367, 368 
silver iodide, 367, 368 
Sine wave, 46 

Single valve rectification, 81 
Sinuses 

anatomy, 182 thru 186 
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Sinuses (cont.) 
position 

Caldwell-Law, 301 
lateral, 303 

posterior ethmoids, 305 
sphenoid, 306 thru 308 
Waters, 302 
technic 

Caldwell-Law, 244, 245 
lateral, 244, 245 
posterior ethmoid, 244 , 245 
sphenoid, 244 , 245 
Waters, 244, 245 
Skeleton, 157, 159, 160, 161 
Skin dose 

vs. air dose, 464 
vs. beam quality, 466 
vs. field size, 466 
Skin portal, 480, 482, 484 
Skull 

anatomy, 181 thru 187 
position 

antero-posterior, 296 
lateral, 303 

occipito-parietal, 299, 300 
postero-anterior, 297 
technic 

antero-posterior, 244 , 245 
lateral, 244, 245 
occipito-parietal, 244 , 245 
postero-anterior, 244, 245 
Small intestines 



duodenum, 193, 194 
jejunum, 193, 194 
ileum, 193, 194 
Sodium carbonate, 368 
Sodium sulphite, 368, 373 
Sodium thiosulphate, 371 
Solenoid, 45 
Space charge, 120 

automatic compensation, 122 
compensation, 122 
definition of, 120 
effect, 120 
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Special procedures 

arteriography, 355, 356 
barium enema (large intestinal 
studies), 348, 349 
bronchogram, 338 
cholangiography, 343, 344 
cholecystography, 342, 343 
cystography, 345, 346 
encephalogram, 337 
esophogeal studies, 347, 348 
fluoroscopy, 333 thru 336 
foreign body localization, 356 
thru 366 

gastro-intestinal series, 346, 347 
kymograph, 338, 339 
myelogram, 336 
pelvimetiy, 349 thru 353 
Polaroid process, 366 
pyelography, 344, 345 
sectional radiography, 353 thru 355 
stereoscopy, 339 thru 342 
ventriculogram, 337 
Spectrum, electromagnetic, 211 
Sphenoid bone 
anatomy, 183 
foramina, 183 
sella turcica, 182, 183 
sphenoid sinus, 182, 183 
Sphenoid Sinus 

anatomy, 182, 183 
position 

infero-superior, 307 
postero-anterior,open mouth, 
308 

supero-inferior, 306 
technic 

infero-superior, 244, 245 
postero-anterior, open mouth, 
244, 245 

supero-inferior, 244, 245 
Sphere gap 

measurement, 98 
Spinal canal 

visualization of, 336 
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Spinal column 

anatomy, 176 thru 181 
cervical region, 176 thru 178, 180 
coccyx, 180, 181 
coccygeal, 180, 181 
lumbar, 179, 180 
sacrum, 179, 180 
spinal cord, 190 
thoracic, 179, 180 
typical vertebra, 178 
Spinal cord, 190 
Spine (see spinal column) 

Spinning top, 235 
timer test, 235 
Spleen, 197, 198 
Squamous portion temporal bone, 

181 thru 184 

Squamous suture, 181 thru 184 
Square root, 20 

method of determining, 20 
Stabilizer 

filament, 127 

milliampere, 127, 140, 142, 143, 144 
voltage, 125 
Stationary grid, 223 

construction of, 223, 224 

rule of "thumb" for grid technic, 224 

types of, 224 

Step-up transformer, 55, 57 
primary winding, 57 
secondary winding, 57 
Stereoscope, 340 thru 342 
operation, 341 
spacing of films, 341 
projection, 341 
Stanford, 341 
Wheatstone, 340 thru 342 
Stereoscopic method 

foreign body localization, 365 
Stereoscopy, 339 thru 342 
depth perception, 340 
photoroentgenography, 396 
procedure, 340 
shift ratio, 340 


Sterno-clavicular articulation 
anatomy, 172 
position, 270 
technic, 244, 245 
Sternum 

anatomy, 175 
position 

lateral, 272 

postero-anterior oblique, 271 
technic 

lateral, 244, 245 
postero-anterior, 244 , 245 
Stomach 

anatomy, 192, 193 
visualization of, 346 
Storage battery, 30 

Stratography (see sectional radiography) 
Styloid process, radius, 163, 164 
position 

antero-posterior, 315 
lateral, 316 
Superciliary ridge 

supra-orbital margin, 181,183,184 
Superficial therapy, 457 
Superior vena cava, 204 
Supervoltage therapy, 457 
Suprarenal glands, 198 (Adrenal glands) 
Surgical neck 

of humerus, 166 
Sutures of skull, 184 
Sweet's method foreign body localiza¬ 
tion, 359 thru 364 

Symbols 

electrical, 38, 39 
Symphysis of the chin, 186, 187 
Synchronous timer, 116, 234 


Tables 

multiplication, 3 
Talus, 168, 169 
Tanks 

developing, 378 
fixing, 378 
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Tanks (cant.) 

rinsing, 371, 373 
types, 413 
washing, 373, 374 
Tarsus, 168, 169 
Technic 

chart (radiography), 244, 245 
photofluorography, appendix A 
radiography, appendix A 
Technic charts, 244, 245 , 246 , 250 , 251, 

252, 253, 254 
preparation, 246 , 247 
therapy, 461 

Technician's in therapy, 455 
Teeth 



location, 188 
Temperature 

control of filament, 119 
conversion formula, 377 
kenotron filament, 130 
solutions, 370, 372, 373, 376, 385,386 
Temporal bone 

anatomy, 181, 183 
mastolds, 181, 182 
petrous portion, 183 
position 

antero-posterior, 320 
Mayer, 322 
postero-anterior, 321 
squamous portion, 183 
styloid process, 181 
technic, 244, 245 
zygomatic process, 182 
Temporo-mandibular articulation 
anatomy, 181 
position 

lateral, 313 
oblique, 314 
technic 

lateral, 244, 245 
Temporo-mandibular joints 

(see temporo-mandibular articulation) 
Tests 

Hi-voltage, 421 
Others, 422, 423 
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Testes, 200 
Therapy 

air dose, 464 , 470 
back scatter, 465 thru 467 
calibration of machines, 460 
calibration of units, 460 
cross-fire technic, 480 
depth dose, 468,471,472,474,476, 
478 

exit dose, 485 
filters, 458 , 461 
fundamentals, 464 
historical, 455 
intermediate, 457 
maximum to skin area, #2, 476 
operation of T. unit, 462 
positioning, 463 
protection of tissue, 463 
rotational, 485 , 486 
sample treatment chart, 461 
superficial, 457 
supervoltage, 457 
technician in, 455 
tube, 461 

why x-rays used, 456 
Thermometer, 377, 378 
Thigh 

anatomy, 170, 171 
Thoracic cavity, 202, 203 
Thoracic spine 
anatomy, 179 
position 

antero-posterior, 286 
oblique, 286 
technic 

antero-posterior, 244 , 245 
oblique, 244, 245 
Thymus gland, 198 
Thyroid gland, 198 
Tibia 

anatomy, 170 
Time of exposure, 207 
Time temperature developing chart, 
385, 386 

Timer, 233 
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Timer (cont.) 
back-up, 137 
circuit, 117 
exposure, 114 
hand, 115 
impulse, 234 
interval, 377 
mechanical clock, 234 
phototimer, 234 
spinning top test, 235 
synchronous, 116, 234 
Tissue absorption vs. depth dose, 472 
Tissues sensitive to therapy, 463 
Titterington’s position (facial structures) 
326 

Toes 

anatomy, 168, 169 
position 

antero-posterior, 273 
lateral, 274 
oblique, 273 
technic 

antero-posterior, 244, 245 
lateral, 244, 245 
oblique, 244, 245 

Tomography (see sectional radiography) 
Trachea, 203 
Transformer, 55 
auto, 59 
closed core, 57 
filament, 124, 126, 127 
induced voltage, 58 
losses, 56 
out-put, 58 
primary winding, 58 
secondary winding, 55 
step-down, 58 
step-up, 55, 57 
turn ratio, 58 

Treatment distance vs. depth dose, 471 
Triangulation 
diagram, 366 

foreign body localization, 365, 366 
Triode, 74 


Trochanter, 170, 171 
greater, 170, 171 
lesser, 170, 171 
Trochlea, 167, 168 
Trouble chart 

darkroom, 391, 391a 
photofluorography, 418 thru 421 
Trunk, 174 thru 176 
Tube 

diagram, 77 
diode, 73 
electron, 71 
emission, 71 

photoroentgenography alignment, 393 
rectifier, 71 
therapy, 461 
triode, 74 
Tube current 

rating chart, 227 
size focal area, 214 
Tube focal spot, 214 
Tube heat storage capacity 
cooling curve, 229, 230 
heat units, 228 
rate of heat dissipation, 228 
Tube rating 
charts, 227 

factors to consider, 228 
thermal, 228 

Tuberosity, 163, 165 thru 167 

Tungsten, 212 

Two valve rectification, 82 


Ulna, 163 thru 165 

anatomy, 163 thru 165 
coronold process, 163, thru 165 
olecranon process, 165 
radial notch, 163 thru 165 
styloid process, 163, 164 
trochlear notch, 163 thru 165 
Upper jaw 

anatomy, 188 
dental positioning, 329 
dental technic, 329 
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